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Dual Band Radios from ICOM! 

Double your operating pleasure with Icom s new dual 
band IC-3210 mobile and IC-32AT handheld FM trans 
ceivers. Each uhit incorporates a wealth of special 
features and options designed to move you into the fore¬ 
front of today’s expanded 2-meter and 440MHz activity. 
Icom dual banders: the FM enthusiasts dream rigs! 

Wideband Coverage. Both the IC-3210 and 
IC-32AT receive 138 to 174MHz including all NOAA 
weather channels, transmit 140 to 150MHz including 
MARS/CAP, and operate 440 to 450MHz. Total 
coverage of today s hottest FM action! 

Full Duplex Operation. Simultaneously transmit 
on one band while receiving on the other for incom¬ 
parable dual band autopatcning! 

20 Memories. Store any combination of standard or 
odd repeater offsets and subaudible tones. 

Powerful! The IC-3210 delivers 25 watts output on 
both bands. The IC-32AT is five watts output on both 
bands. Selectable low power for local use on both units. 

Programmable Band and Memory Scanning. 

Includes easy lockout and recall of various memories. 
Exceptional flexibility! 

Repeater Input Monitor Button. Opens the 
squelch and checks Tx offset simultaneously. 


Priority Watch. Monitor any channel for calls 
while continuing operation on another frequency. 

Optional Beeper. Monitors for calls wit h your 
subaudible tone, then gives alerting beeps. 

Double Your Bonds with Icom s dual band 
IC-32AT handheld and IC-3210 mobile, and double 
your operating pleasure on 2-meters and 440MHz. 


ICOM 


First in Communications 
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Cards and plague courtesy W6TC 


□MAC’S 
new DX champion! 
The 3CX800A7. 


Varian EIM AC continues to com¬ 
mit its development of reliable 
tubes for HAM radio. 

The new, rugged 3CX800A7 
power triode provides 2 kW PEP 
input for voice service or 1 kW 
cw rating up to 30 MHz. Two 
tubes will meet the newi higher 
power ratings authorized by the 
FCC. 

Designed for todays low profile, 
compact linear amplifiers, the 
3CX800A7 powerhouse is only 


2Vi inches (6.35 cm) high. Cool¬ 
ing requirements are modest 
and a matching socket, air 
chimney and anode clamp are 
available. 

A data sheet and more informa¬ 
tion is available from Varian 
EIMAC. Or the nearest Electron 
Device Group sales office. Call 
or write today. 

Varian EIMAC 
301 Industrial Way 
San Carlos, California 94270 
Telephone: 415*592-1221 
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• Multiple scanning functions. Memory 
channel lock -out is also provided 

• ALT—Automatic Lock Tuning-on 1200 
MHz eliminates drift! 

•500 Hz CW filter built-in. 

• Packet radio terminal. 

• Interference reduction controls: 10 dB 
RF attenuator on 2m. noise blanker. IF shift, 
selectable AGC.all mode squelch 

• Other useful controls: RF power output 
control, speech processor, dual muting, 
frequency lock switch. RIT. 


TS-790A 

Satellite Transceiver 


The new KenWood TS-790A VHF/UHF all¬ 
mode tri-band transceiver is designed 
for the VHF/UHF and satellite “power 
user" The new TS-790A is an all-mode 
144/450/1200 MHz transceiver with 
many special enhancements such as 
Doppler shift compensation. Other fea¬ 
tures include dual receive, automatic 
mode selection, automatic repeater off- 


• High stability VFO. The dual digital VFOs 
feature rock-stable TCXO (temperature com 
pensated crystal oscillator) circuitry, with 
frequency stability ol ±3 ppm 

• Operates on 13.8 VDC. Perfect lor 
mountain-top DXpeditions 1 

• The mode switches confirm USB. LSB, 
CW, or FM selection with Morse Code. 

• Dual Watch allows reception of two 
bands at the same time. 

• Automatic mode and automatic 


set selection for FM repeater use, VFO 


repeater offset selection. 


• Voice synthesizer option. 


or quick step channel tuning, direct key¬ 
board frequency entry, 59 memory chan¬ 
nels (10 channels for separate receive 
and transmit frequency storage), mul¬ 
tiple scanning and multiple scan stop 
modes. The Automatic Lock Tuning 
(ALT) on 1200 MHz eliminates frequency 
drift. Power output is 45 watts on 144 
MHz. 40 watts on 450 MHz, and 10 watts 
on 1200 MHz. (The 1200 MHz section is 


• Direct keyboard frequency entry. 

• 59 multi-function memory channels. 
Store frequency, mode, lone information, 
offset, and quick step function Ten memory 
channels lor'odd split" 

• CTCSS encoder built-in. Optional TSU-5 
enables sub-tone decode. 

• Memory scroll function. This leature 
allows you to check memory contents 


• Computer control option. 

Optional Accessories: 

• PS-31 Power supply • SP-31 External speaker 

• UT-10 1200 MHz module • VS-2 Voice synthesizer 
unit • TSU-5 Programmable CTCSS decoder 

• IF-232C Computer interlace* MC-60A/MC-80/ 
MC-85 Desk mics • HS-5/HS-6 Headphones 

• MC-43S Hand rnio • PG-2S Extra DC cable 


an optional module.) without changing the VFO frequency 



KENWOOD 


Complete service manuals are available lor all Kenwood transceivers and most accessories 
Specifications features and prices are subtect to ctianqe without nonce or obligation 
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APRIL WINNERS 

Congratulations to Kenneth L Frank. 
WB5AKI, our April sweeps winner and 
Bryan Bergeron. NU1N. author of April's 
most popular WEEKENDER — "Easy 
Antenna Access For Urban Apartment 
Dwellers.' Both will receive a copy ot The 
Radio Handbook by Bill Orr. W6SAI 
Our WEEKENDER sweepstakes ends 
with our April winners. Thanks to everyone 
who sent in cards, Your comments have 
been invaluable to usl 

Terry Northup, KA1STC 
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VIEW FROM THE TOP 

By the time you get this magazine, the 1989 Dayton Hamvention'" will be a distant memory. However, as I sit here and write today, Dayton 
is just a week away. 

For those of you who’ve never been to Dayton, it's truly one of the most interesting experiences you’ll ever have. Plan to go someday. 
You’ll have the time of your life. The Hamvention is three jam-packed days of the best forums, displays, and opportunities to meet people 
from around the world. I've run across friends I haven't seen in twenty years, and connected faces to voices from far off DX locations. 

If you didn’t make Dayton this year try to set aside time to go next year It really is one of the most enjoyble events on the ham calendar 1 

NO-CODE SURVEY RESULTS 

An Even Split: 50% for, 50% against 

WOW! Did we get a lot of mail. 

March's editorial discussed the concept of a no-code license and asked for responses from you, our readers. Quite a few of you took 
the time to either pen a QSL card with a simple statement or write long thoughtful responses. From simple "Yes!" or "No!" answers, to 
four-page letters detailing your positions, you sure let us have it with both barrels. 

Of the responses we received, there was an even 50-50 split of opinion. The last time no-code was discussed in 1983, the responses 
to our editorial ran 20 to 1 against a no-code license. What has changed in our hobby over the last tew years and what does it mean? 

First of all. no-code as a license class won't be the panacea for Amateur Radio's problems. It is, however, a step recognizing that not 
everyone who would like to be ham wants to learn the Morse code. As currently envisioned, a no-code licensee's privileges would be for 
bands above 50 MHz only. Many of you are under the impression that there would be a below 30 MHz no-code license That is simply 
not the case. 

A number of you feel strongly that CW acts as a "lid filter," or a way to weed out undesirable potential new hams. That's what they told 
me about pledging a fraternity in college — going through it would make a better brother out of me. I didn't buy it then and I don’t today 
Hazing has all but been eliminated from our society. Most of us recognize that it’s better to stimulate a person with positive motivation than 
with "trials" and tests, or hurdles to overcome. 

Several of you commented that there is already (for all intents and purposes) a no-code license — CB. However, CBers are not hams 
and are missing all of the benefits that we, as hams, share. Besides, CB radio was never intended to be an outlet for casual communications. 

A significant number of letters commented on the fact that CW is fun. While I agree wholeheartedly, I know many good hams who hate 
CW and, after passing the General class exam, never want to see a key again. 

On the pro no-code side, the general trend supported the realization that not everyone who wants to be a ham wants to learn the code. 
In this light, most felt that a VHF or UHF only no-code license would be a good idea. No one suggested that a no-code license be a freebie 
or giveaway ticket. Some suggested that the no-code exam be made harder than the current Extra exam, while others felt that a license 
on par with either the current Novice or Technician class license was in order. 

So, what’s next? There have been several very interesting developments. On March 16, 1989, the Space Coast Amateur Technical Group 
in Melbourne, Florida made a formal filing with the FCC for a no-code license. At almost the same time, the ARRL No-code Study Committee 
made a proposal to the Executive Committee for a new license class without a code requirement The ARRL Board will discuss this step 
further at their July meeting. If it is adopted as policy, the Board may direct League counsel to draft and submit a proposal for a no-code 
license to the FCC by this fall. 

The bottom line is that a no-code license won't result in an explosion in new Amateur Radio licenses. It will, however, provide another 
path for bringing people into the hobby. It then becomes incumbent upon us to get others interested in Amateur Radio. 

One rap made by several writers was that no-code is nothing but an attempt by the Amateur Radio industry to increase the number 
of licensees in order to enhance their profit margins Nothing could be further from the truth The accusers fail to recognize that many 
of us in the business are long-time hams ourselves. While we may be in business to make a profit, thal is not the sole force that drives 
us Many of us are driven by our love for the hobby and our desire to ensure that there is a future for Amateur Radio. It’s often very difficult 
to separate the emotional from the rational when it comes to Amateur Radio. 

Time, the ARRL, the FCC, and the rest of us will determine whether or not there will be a no-code license. If you're currently against 
no-code, please ask yourself if you're being fair to those who want to be hams without learning the code. There are people out there with 
much to offer for whom the code would not be a vital communications skill. Who knows what benefits they could bring to our hobby if 
we were to encourage them? 

de N1ACH 
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KENWOOD U.S.A. CORPORATION 
COMMUNICATIONS & TEST EQUIPMENT GROUP 

P.O. BOX 22745,2201 E Dominguez Street 
Long Beach. CA 90801 5745 
KENWOOD ELECTRONICS CANADA INC. 
P.O. BOX 1075,959 Gana Court 
Mississauga. Ontario. Canada L4T 4C2 


Specifications ana puces subject lo change without notice oi obligation % 

Complete service manuals are available lor all Kenwood transceivers and most accessories 


Optional Accessories 

• RC-20 Full function remote controller 

• RC-10 Multi function remote controller 

• IF-20 Interface unit handsel • MC-44 Multi 
function hand mic ♦ MC-44DM Multi function 
hand mic. with auto-patch • MC-48B 16-key 
DTMF hand mic.* MC-55 8 pm mobile mic 

• MC-60A/80/85 Desk top mics • MA-700 
Dual band (2m/ 70cm) mobile antenna (mount 
not supplied) • SP-41 Compact mobile 
speaker • SP-50B Mobile speaker • PS-430 
Power supply • PS-50 Heavy-duty power 
supply • MB-201 Mobile mount • PG-2N 
Power cable • PG-3B DC line noise filter 

• PG-4H Interlace connecting cable* PG-4J 
Extension cable kit • TSU-6 CTCSS unit 


e) Scan direction 

f) Alert 

When the AL switch is depressed memory 
channel 1 is scanned for activity at approxi¬ 
mately 5 second intervals. 

• MHz switch. 

• Lock function. 

• Repeater reverse switch. 


• Optional full-function remote 
controller (RC-20). 

A full-function remote controller using the 
Kenwood bus line may be easily connected 
to the TM 701A and mounted in any con¬ 
venient location. The new controller is cap¬ 
able of operating all front panel functions. 

• Built-in dual digital VFO's. 

a) Frequency step selection (5,10.15, 
20,12.5,25kHz) 

b) Programmable VFO 

The user friendly programmable VFOs allow 
the operator lo select and program variable 
tuning ranges in 1 MHz band increments 

• Programmable call channel function. 
The call channel key allows instant recall ol 
your most commonly used frequency data 

• Programmable tone encoder built-in. 

• Tone alert system- for true quiet 
monitoring. 

When activated this function will cause a 
distinct beeper tone to be emitted from the 
transceiver tor approximately 10 seconds to 
signal the presence of an incoming signal 

• Easy-to-operate multi-mode scanning. 

a) VFO scan 

Band scan. Programmable band scan. 

b) Memory scan plus programmable 
memory channel lock-out 

c) Dual scan 

Dual call channel scan 
Dual memory scan 
Dual VFO scan 

d) Scan stop modes 
Time operated scan (TO) 

Carrier operated scan (CO) 


TM-701A 


Dual Bander 


The TM-701A combines two radios 
into one compact package. You get 
25 watts on 2 meters and 70cm, 20 
memory channels, tone encoder 
built-in, multiple scanning, auto 
repeater offset selection on 2 meters, 
and a host of additional features! 

• 20 multi-function memory channels. 

20 memory channels allow storage of fre¬ 
quency. repeater offset, CTCSS frequency, 
frequency step, and Tone On/Off status, 
CTCSS and REV, providing quick and easy 
access during mobile operation 

• 25W on 2m and 70cm. 

• Selectable full duplex-cross band 
(Telephone style) operation. 

• Easy-to-operate front panel layout. 

• Multi-function DTMF mic. supplied. 
Controls are provided on the microphone 
lor CALL (Call Channel). VFO, MR (Memory 
Call or to change the memory channel) and 
a programmable function key The program¬ 
mable key can be used to control one of the 
following functions on the radio: MHz. T. ALT. 
TONE REV BAND, or LOW power 

• Easy-to-operate illuminated keys. 

A lunctionally designed control panel with 
individually backlit keys increases the con¬ 
venience and ease of operation during 
night-time use. 


Dual Band Afford-ability! 


MOBILE TRANSCEIVERS AND REMOTE CONTROLLER 




KENWOOD TM70,A 
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Comments 


Self portrait 

Dear HR 

RE: the February issue, WHAT A 
GREAT COVER!!!! 

I am a broadcast engineer, have 
been a ham for 36 years, and do a 
great deal of design and repair work. 

I am completely at home around elec¬ 
tronics. 

I recently bought a state-of-the-art 
rig, and my expression upon spread¬ 
ing out the circuit diagram was almost 
EXACTLY the same as the person 
depicted on the cover. With all my 
years of experience, it took me about 
an hour to figure out where the signal 
came in, and went out. I still haven't 
figured out much in between. 

Keep up the good work on a good 
magazine. 

Walter Boiler, W90BG/7, 
Olalla, Washington 98359 

Voice versus packet 
racket 

Dear HR 

An electronic plague has decended 
upon Amateur Radio. Long-standing 
nets and discussion groups have been 
pushed out of existence by the agoniz¬ 
ing, screeching tide of packet racket. 
Large numbers of those who might 
well be the majority in our hobby now 
find it impossible to monitor their favor¬ 
ite frequency because a packet station 
has plopped down on it or near it. Who 
can stand that piercing sound that has 
been likened to that of fingernails on 
a blackboard? 

A typical example is found when 
monitoring 144.9 MHz. This frequency 
has been used for fast-scan TV liason 
for over thirty years. It is important for 
signal reports, homing-in antennas, 
and guiding transmitter/modulator 
adjustments. An S-9 packet signal on 
144.905, while not even moving the 
meter on adjacent channels, breaks 
through and can be heard 10 kHz up 
and down. The worst part is that the 



RF burst lasts longer and blocks all but 
the strongest voice signals on 144.9. 

When I first read about packet in 
QST it was described as the ultimate 
in space-age technology. Economy in 
use of the spectrum was the keynote 
in this discussion, due to its inherent 
speed and accuracy. This allows a 
large number of operators to be serv¬ 
iced by one system. What it really 
amounted to, in may cases, was a new 
justification for having spent hundreds 
of dollars on a computer that started 
gathering dust after the novelty had 
worn off. Although most Hams can talk 
well and many can even chew gum at 
the same time, this great store of wit 
and wisdom had to be digitized, 
dehumanized, and stored in libraries 
called bulletin boards. I guess it goes 
along with the inability to listen and 
write: a product of our “space-age” 
school systems. 

In any case, the basic pleasures of 
Amateur Radio, hearing a voice from 
afar, sensing its emotions, its unique 
sounds, are being bittered. It is bad 
enough to lose frequencies to com¬ 
mercial interests, but it is much worse 
to have them rendered unlistenable by 
your own group. This could be the final 
assault in which Amateur Radio, like all 
the great empires, falls from within. 

John Shelley, WA1IAO, 
N. Granby, Connecticut 06060 


Another viewpoint 

Dear HR 

Today I received my February 1989 
issue of HAM RADIO, and I just com¬ 
pleted reading AA6FW's comments 
concerning youth and ham radio. I am 
especially interested because I am the 


author of the August 1988 letter that 
mentioned “gimmees and wanna 
be's...” you referred to. 

I agree with several of your view 
points: 

1. Yes, radio seems no longer to be a 
mysterious mechanism to most people. 

2. Yes, perhaps many ham radio oper¬ 
ators are senior citizens that clump to 
80 meters and BS about nothing. 

3. Yes, perhaps many hams do not 
appreciate growth. 

4. Yes, incentive must come from more 
than the ARRL. 

5. Yes, perhaps, a no-code license will 
be incentive for newcomers to ham 
radio. 

However, I challenge many of the 
arguments used to support these view¬ 
points. My letter last summer 
expressed my concerns about the few 
numbers of younger people being 
licensed. I appreciate that my perspec¬ 
tive will always be one-sided. Neverthe¬ 
less, it’s been my experience that 
incentive has to come from within. 

This is apparent in the workplace 
and at home. I am an engineer with 
many years in the 1C construction busi¬ 
ness. The latest craze in productivity 
is “taking ownership.” That’s great from 
the manager’s position. My experi¬ 
ence, with peers, subordinates, and 
business contacts, has been that this 
ownership has to already be in place 
and active; it cannot be forced. I can 
make someone own a project but I 
cannot (and do not) expect the same 
results I would get if that ownership 
were sincere. 

The same is true with ham radio. 
This hobby has and always will provide 
technical challenges and satisfaction 
for those willing to move forward. The 
old saying, "You can take a horse to 
water but you can’t make him drink,” 
is appropriate. I worked with high 
school kids a few years in a program 
(Explorer's Group) involving them with 
the wonders of engineering and 
science. Either they are interested or 
they are not. 
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Two in the Hand! 

TH-75A 



2m/70cm Dual Band HT 

The newTH-75A Dual Band HT 
from Kenwood is here now! Many 
of the award-winning features in 
our dual band mobile transceivers 
are designed into one hand-held 
package. 

• Dual Watch function allows you to 
monitor both bands at the same time. 

• 1.5 watts on 2 meters and 70cm: 

5 watts when operated on 12 VDC 
(or PB-8 battery pack). 

• Large dual multi-function LCD 
display. 

• 10 memory channels tor each band 
stores frequency, CTCSS, repeater off¬ 
set, frequency step information, and 
reverse. A lithium battery backs up 
memories. Two memories for “odd 
split" operation. 

• Selectable full duplex operation. 

• Extended receiver range: 
141-163.995 and 438-449.995 MHz; 
transmit on Amateur band only. (Modifi¬ 
able for MARS and CAR Permits required. 
Specifications guaranteed on Amateur 
bands only.) 

• Uses the same accessories as the 
TH-25AT (except soft cases). 

• Volume and balance controls, 
plus separate'squelch controls on 
top panel. 

• Super easy-to-use! For example, to 
recall memory channel, just push the 
channel number! 

• CTCSS encode/decode built-in! 

• Automatic Band Change (ABC). 
Automatically switches between main 
and sub band when signal is present. 

• Automatic offset selection on 
2 meters. 

• Tone alert system for quiet moni¬ 
toring. When CTCSS decode is on, 
the tone alert will (unction only when a 
signal with the proper tone is received. 

• Four ways to scan, including dual 
memory scan, with time operated or 
carrier operated scan stop modes, and 
priority alert. 

• Automatic battery saver circuit 
extends battery life. 


• Supplied accessories: Dual band 
rubber-flex antenna, PB-6 battery pack, 
wall charger, belt hook, wrist strap, 
water resistant dust caps. 

Optional Accessories 

• PB r i 7.2 V. 200 mAh NiCd pack tor 15 W 

output • PB-6 72 V, 600 mAh NiCd pack 

• PB 7 7.2 V, 1100 mAh NiCd pack • PB-8 

12 V. 600 mAh NiCd tor 5 W output • PB 9 7.2 V. 

600 mAh NiCd with built-in charger • BC-10 

Compact charger • BC-11 Rapid charger 


• BT 6 6-cell AA battery case • DC-1/PG 2V 
DC adapter • HMC-2 Headset with VOX 
and PTT • SC-22 and SC-23 Sotl case 

• SMC-30/31 Speaker mics.« WR-1 Water 
resistant bag 


KENWOOD U S A. CORPORATION 
COMMUNICATIONS & TEST EQUIPMENT GROUP 

P.O. BOX 22745,2201E Dominguez Street 
Long Beach,CA 90801-5745 
KENWOOD ELECTRONICS CANADA INC. 
PO BOX 1075, 959 Gana Court 
Mississauga, Ontario. Canada L4T 4C2 


Specifications and prices subject to change without notice or obligation 
C implete service manuals are available tor all Kenwood transceivers and most accessories 
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MFJ TUNERS 


Here is the finest 3 KW PEP Tuner money can bi 
dummy load, new peak reading meter, antenna s 

The MFJ 989C is not tor everyone 
However, it you do make the 
investment you get the linest 3 KW 
PEP tuner money can buy one that 
will give you a lifetime of use, one 
that takes the tear out ol high power 
operation and one that lets you get 
your SWR down to absolute minimum. 

The MFJ 989C is a compact 3 KW 
PEP roller inductor tuner with a new 
peak reading Cross Needle SWR/Watt 
meter. The roller inductor lets you gel 
your SWR down to absolute minimum V 
With three continuously variable ^ 

components two massive 6 KV JM ^^95 

capacitors and a high inductance ME J-989C — ^ 

roller inductor you get precise control over 


2-knob Differential-V" Tuner I MFJ’s Best 300 Watt Tuner 


PEP Tuner money can buy with roller inductor, 
reading meter, antenna switch, balun and more ... 
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MFJ-986 The new 986 Differential T™ 3 
SAf»Qg5KWPEP2 knob T uner has a drtter ential 
^ ° ** capacitor to make tuning foolproof 
and easier than ever It ends constant retumng with 
broadband coverage and gives you minimum SWR 
at only one best setting Covers 1.8 30 MHz 
The roller inductor lets you tune your SWR down 
to absolute minimum A 3 digits turns counter lets 
you quickly return to your favorite frequency. 

You get MFJ's new peak and average reading 
Cross Needle SWR/Wattmeter with a new directional 
coupler for mote accurate readings over a wider 
frequency range It reads lorward/retlected power in 
200150 and 2000/500 watt ranges Meter lamp is 
front panel switched and requires MFJ 1312, $9 95. 

A new current balun tor balanced lines reduces 
leedline radiation and forces equal currents into 
antenna halves that are not pertectly balanced for a 
more concentrated, strongei signal Add $10 00 s/h. 

MFJ’s Fastest Selling Tuner 


The MFJ-941D is MFJ's fastest selling 
MFJ 9410 300 watt PEP antenna tuner. Why? 

*109 S5 Because It has more features than 
tuners costing much more and it 
matches everything continuously from 1.8-30 MHz. 

It matches dipoles, vees. verticals, mobile whips, 
random wues. banianced and coax lines 
SWR/Wattmeter reads toward/reflected power in 
30 and 300 watt ranges Antenna switch selects 2 
coax lines, direct or through tuner, random wire, 
balanced line or tuner bypass Efficient airwound 
inductor gives lower losses and more watts out 
Has 4 t balun 1000 V capacitors 10x3x7 inches 

MFJ’s Random Wire Tune r 

MFJ 16010 *39»° 

You can operate all rj TJ 
bands anywhere with any 
transceiver when you let 
the MFJ 16010 turn any random wire into a 
transmitting antenna Great lor apartment, motel, 
camping operation Install a wire anywhere 1 Tunes 
1 8 30 MHz 200 watts PEP Ultra small 2x3x4 in 


The MFJ 949C gives you more 
MFJ 949C precise matches than any tuner that 
*149 05 uses two tapped inductors Why? 

Because you get two continuously 
variable capacitors that give you infinitely more 
positions than the limited number on switched cotls. 

This gives you the precise control you need to gel 
your SWR down to a minimum After all, isn’t that 
why you need a tuner? Covers 1.8 30 MHz 
You also get MFJ's lighted 2 color Cross Needle 
SWR/Wattmeter. 6 position antenna switch. 50 ohm 
300 watt dummy load and a built in balun all in a 
compact f 0x3x7 inch cabinet that fits right into 
your station Meter light requires MFJ 1312, $9 95 
With MFJ's best 300 watt PEP tuner you get an 
MFJ tuner that has earned a reputation lor being 
able to match just about anything one that is 
highly perfected and has years ol proven reliability 

MFJ’s Mobile Tuner mfj94sc 

*89" 

I Don't leave 
.home without 

_____ this mobile 

tuner! Have an uninterrupted trip as the MFJ 945C 
extends your antenna bandwidth and eliminates the 
need to stop, go out and adjust your mobile whip 
You can operate anywhere in a band and get low 
SWR. You'll get maximum power out of your solid 
state or tube rig and it'll run cooler and last longer 
Small 8x2x6 inches uses little room SWR/ Watt¬ 
meter and convenient placement of controls make 
tuning fast and easy while In motion. 300 watts 
PEP output, efficient airwound inductor. 1000 volt 
capacitors Mobile mount, MFJ 20. $3 00 

144/220 MHz VHF Tuners 

MFJ 921 *89"| r jgi-- - 

MFJ s new VHF - 3 3 O 

tuners cover both * ' - If 

2 Meters and the 220 MHz bands. They handle 300 
watts PEP and match a wide range of impedances 
for coax led antennas SWR/Wattmeter 8x2’/2x3 in 
MFJ-920. S49.95. No meter 4Vzx2'/k3 inches 


SWR and the widest matching range 
possible from 1.8 30 MHz 
You get a new lighted peak and 
average reading Cross Needle 
SWR/Wattmeter with a new more 
accurate directional coupler 
You get a giant two core balun 
wound with teflon wire for balanced 
lines and a 6 position antenna switch 
with extra heavy switch contacts. 

Its compact 10V<x4Vzxl5 inch 
cabinet tits right into your station 
You get a 50 ohm 300 watt dummy 
load tor tuning your exciter, a tilt 
stand lor easy viewing and a 3 digit 
turns counter plus a spinner knob tor 
exact inductance control. Add $10 s/h. 


MFJ’s Artificial RF Ground 

*79® a MFJ 931 

You can 
create an 
artificial RF 
ground and 

eliminate 

RF "bites", _ _ _ 

feedback, TVI and RFI when you let the MFJ 931 
resonate a random length ol wire and turn it into a 
tuned counterpoise The MFJ 931 also lets you 
electrically place a far away RF ground directly at 
your rig no matter how far away it Is by tuning 
out the reactance ol your ground connection wire 

Barefoot/1.5 KW Linear Tuner 
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ble to match just about anything one that is I yti M2C For 3 eirtra dollars, the MFJ- 
ughly perfected and has years ol proven reliability jo 00 95 9620 lets you use your barefoot rig 
>ac IV xanhiln Timor u,, .... I ZZo * now and have the capacity to add a 

1.5 KW PEP linear amplifier later Covers 1.8 30 MHz 
You get two husky continuously variable capacitors 
lor maximum power and minimum SWR And lots of 
inductance gives you a wide matching range 
You get MFJ's new peak and average reading 
Cross Needle SWR/Wattmeter with a new directional 
coupler tor more accurate readings over a wider 
frequency range It reads forward/reflected power In 
200/50 and 2000/500 watt ranges Meter lamp is 
front panel switched and requires MFJ 1312 $9 95 
Has 6 position antenna switch and a teflon wound 
balun with ceramic leedthru insulators for balanced 
lines 10 V«x4'/2x 14 7/8 inches Add SI 0.00 s/h. 

MFJ’s smallest Versa Tuner 

MFJ 9018 — 

*59" 

The MFJ 

901B is our 
smallest 

5x2x6 inches (and most affordable) 200 watt PEP 
tuner when both space and your budget is limited 
Good lor matching solid state rigs to Imears 
It matches whips, dipoles, vees. random wires, 
verticals, beams, balanced and coax lines from 
1 8 30 MHz Efficient airwound inductor. 4:1 balun 

FOR YOUR NEAREST DEALER OR TO ORDER 

. 800-647-1800 

MFJ ENTERPRISES, INC. • i year unconditional guarantee • 30 day money 

Box 494, Miss State, MS 39762 I pack guarantee (less s/h) on orders from MFJ • 

(601) 323 5869: TELEX 53 4590 MFJSTKV I Free catalog • Add $5.00 s/h (except as noted) 

. . making quality affordable ✓ 103 














I chuckled as I read the comments 
about not being able to find someone 
to talk to. With half a million hams in 
this country? My face flushed as I read 
about (you) not having much to say to 
such a person (as me) on the air 
because of my “wanna be's” letter. Oh 
well. 

The expectations placed on kids 
today (from my very middle-class and 
former welfare-recipient position) are 
overpowering and sometimes unrealis¬ 
tic. Couple this with today's amazing 
feats that are taken for granted, along 
with life being taken for granted, and 
suddenly ham radio is uninteresting. 
However, incentive and support are the 
key ingredients to get more youth into 
ham radio. How about joining a club 
and getting involved with youth to 
show them examples of ham radio and 
its challenges. 

Lawrence Caracciolo, N3CCW, 
Federal Way, Washington 


Thoughtful response 

Dear HR 

I would like to respond, in part, to the 
letter by Harry Helms, AA6FW, which 
was in the February issue. 

To begin with, I can see that there 
has been a stagnation in membership 
in our fraternity. I agree that it is a good 
idea to take every opportunity to 
involve new people in Amateur Radio. 

Mr. Helms complains that Amateur 
Radio has been “curmudgeonized." 
Then he says that he has a hard time 
finding anyone “stateside” with whom 
he can have a ragchew. May I submit 
that Mr. Helms has become somewhat 
of an elitist. 

Why does he believe that those who 
defend the need for a code require¬ 
ment should have an Extra class 
license? I freely defend the code 
requirement and recognize that it is a 
discipline, even though I dislike using 
CW intensely. Those who wish to 
upgrade should do that which is 
necessary. Others, such as myself, will 
occasionally use CW on the low bands, 
or not, as they desire. 

I find offensive the implication that 
because I started in Amateur Radio 
with a conditional license, that license 
is tainted. My licenses cover a period 
of over twenty-five years. During that 


time, I have assisted in a number of 
emergencies and tried to be helpful to 
other Amateurs. 

I have never considered it my place 
to judge them. 

Jerome W. Silverstein, K3FKI, 
Verona Pennsylvania 15147 


Reading the “small” 
print 

Dear HR 

Please accept my compliments for 
your work with Ham Radio. I have got¬ 
ten the magazine for many years and 
keep them all as a very valuable 
source of reference in most ham mat¬ 
ters. There have through the years 
been some outstanding articles, like 
the series on Yagi Antennas by W2PV 
and now lately Ron Todd's "Pathfinder" 
(which gives me a lot of pleasure to 
operate and gave me a lot of fun to 
implement). "Pathfinder: Part 1" was 
easy as you printed the program with 
letters large enough for my 67 year old 
vision to see without a magnifying 
glass. The second part was tougher 
due to the “magnifying glass” print. 
But don’t you worry also the sun has 
its spots (fortunately). 

So thanks again for a fine job. 

Bo Stjernberg, SM6ASD, 
Goteborg, Sweden 


Invitation to 
Authors 

ham radio welcomes manu¬ 
scripts from readers. If you 
have an idea for an article 
you'd like to have consid¬ 
ered for publication, send for 
a free copy of the ham radio 
Author's Guide. Address 
your request to ham radio, 
Greenville, New Hampshire 
03048 (SASE appreciated). 



—PACKET— 

MASTER PACKET RADIO: the hands on guide 

by Dave Ingraham, K4TWJ 

Appeals to all levels o! packet radio enthusiasts from novices to 
experts alike. Full ot illustrations and written in a simple, easy-to- 
understand style. Topics covered include: a basic primer, home com¬ 
puters and data communications terminals, a survey of equipment 
available, how to set up a station plus much more. 208 pages © 1988 
1st edition. 

□22567 Softbound S12.95 

YOUR GATEWAY TO PACKET RADIO 
by Stan Horaepa, WA1L0U 

Beginners will tind the complete easy-to-understand explanations 
eliminate many of the frustrating aspects of packet operation. Full 
of helpful hints and tips that come from thousands of hours of 
on-the-air experience. 208 pages © 1987. 

□AR-PKT Softbound $9.95 

THE PACKET RADIO HANDBOOK 

by Jonathan Mayo, KR3T 

Providing you first with packet basics, this book progresses through 
the inner workings and operational aspects of packet to a look at future 
technology still In developmentalslages. Also includes: using bulle¬ 
tin boards, traffic handling on packet, modulation methods and net¬ 
working principles, protocols (both AX.25 and VADCG) and a thor¬ 
ough discussion of the various TNCs and accessories available. © 
1987 1st Edition 218 pages. 

□T-2722 Softbound $14.95 

ARRL COMPUTER NETWORKING 
CONFERENCES 1-4 

Pioneer Papers on Packet Radio 1981*1985 

Written during the formulative years of Packet development, 
these papers (too numerous to mention them all) cover: theory, 
practical applications, protocols, software and hardware sub¬ 
jects. You also get a complete up-to-date collection of all pub¬ 
lished ■'Gateway", the ARRL Packet Radio newsletter As big as 
the ARRL HANDBOOK. © 1985 over 1000 pages. 

□AR-CNC Softbound $17.95 

5th COMPUTER NETWORKING 
CONFERENCE PAPERS ©1986 


□AR-CNC5 


Softbound $9.95 


6th ARRL COMPUTER NETWORKING 
CONFERENCE ©1987 
August 1967 

□AR-CNC6 Softbound $9.95 

7th ARRL COMPUTER NETWORKING 
CONFERENCE ©1986 

□AR-CNC7 Softbound $11.95 

INTRODUCTION TO PACKET RADIO 

by Phil Anderson, WfXI 

This book contains a broad overview of packet radio for the begin¬ 
ner. Simple technical discussions are designed to inform, not scare 
the beginner. ©1988 58 pages. 1st Edition. 

□KT-IPR Softbound $2.95 

RACKET COMMAND 

by Buck Rogers, K4ABT 

This book is a basic look at packet radio from the inside out. Similar 
commands are grouped together with simple easy-to-understand 
explanations ©1988 58 pages, 1st Edition 

□KT-PC Softbound $2.95 

ADVANCED PACKET 

by Buck Rogers, K4ABT 

This book looks at the more advanced side of packet operation. 
Includes 2400 baud data transfer, EAX and WEFAX, packet clus¬ 
ter information and more. ©1988, 58 pages, 1st Edition. 

□KT-AP Softbound $2.95 

DIGITAL COMMUNICATIONS 
WITH AMATEUR RADIO 

special AEA edition by Jim Grubbs, K9EI 

Starts with a basic review of digital communications and techniques 
and includes a complete description of what packet radio is all about. 
TNCs, operating modes, networking are all fully covered in easy-to- 
undestand terminology. Also covered are accessories, innovations 
and interesting organizations you can join. ©1988, IstEdition, 160 
pages. 

□AEA-PKT Softbound $9.95 

Please enclose $3.75 shipping and handling. 

HAM RADIO’S 
BOOKSTORE 


Greenville, NH 
03048 


(603) 878-1441 
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A SIMPLE DC 
AMPLIFIER 

FOR YOUR METER 


By Yardley Beers, WOJF, 740 Willowbrook Road, 
Boulder, Colorado 80302 


B y connecting a simple amplifier to one of those old 
meters you probably have in your shack, you can 
enjoy a device that gives a full scale deflection for a 
couple of millivolts or a few microamperes. You can assem¬ 
ble such an amplifier using a common op amp circuit and eas¬ 
ily obtained components. If you are unfamiliar with op amps, 
building this amplifier can be educational as well. 

A meter with this kind of amplifier has many uses in the 
shack. If you connect a diode between its terminals and use 
a foot or two of loose wire as an antenna, it becomes a sensi¬ 
tive field strength meter. You can improve the sensitivity by 
using an RF choke and bypass capacitor as shown in Figure 
1, but these components aren't often required. 

You might also find this meter helpful for adjusting QRP 
equipment. You need some deflection on your meter to know 
if your adjustments are making things better or worse. Adding 
this amplifier to your meter makes it possible to study leaks 
in shielding. When connected to a tuned circuit, it can be used 
to identify harmonics. The modified meter can also be used 
as a sensitive bridge balance detector. 

This meter and amplifier arrangement can demonstrate a 
number of effects not usually part of Amateur experience. If 
you connect a diode in a transparent case to the meter, you’ll 
often find that the diode is sensitive to light, while the meter 
deflection is of opposite polarity to that produced by RF. (The 
moral here is that circuit boards with such diodes should be 
shielded from light.) The meter can also be used to demon¬ 
strate thermoelectric effects using ordinary metals, even 
though there’s a bad impedance mismatch between a ther¬ 
mocouple and the amplifier input. Take a piece of copper wire 
and a piece of aluminum wire and twist one end of each 
together. Connect the other ends to the amplifier input, with 


the copper wire attached to the positive terminal. The meter 
will deflect when you heat the junction gently with a solder¬ 
ing iron. If you use special thermocouple wire, it’s possible to 
get a deflection simply by pinching the junction between your 
fingers. 

I have found these meters useful in working with my home¬ 
made QRP microwave demonstration setup. 1 The 1 N34s and 
some surplus diodes have considerable response at 2.4 GHz, 
but not as much as microwave hot carrier diodes. The 1 N914s 
aren’t sensitive to this radiation, or to light. I don’t have a micro- 
wave oven, but I believe a proper diode connected to one of 
these meters could detect leaks in the shielding. 

The focus of this article is on the use of op amps as DC 
amplifiers. These amplifiers can also be used to amplify AC 
signals at millivolt levels. At higher levels the amplifiers over¬ 
load, and the output approaches zero. They are especially 
effective when the signal source has a high impedance and 
the load has a low impedance. I connected a pair of 8-ohm 
headphones through one of them to the output of a broad¬ 
cast band crystal receiver. With the amplifier turned off, I could 
hear nothing. With it on, I heard several stations with excellent 
volume. 

Op amp fundamentals 

An op amp isa high-gain amplifier with two input terminals. 
(See Figure 2.) Voltage applied to the noninverting input ter¬ 
minal gives an output voltage of the same polarity. Voltage 
applied to inverting input terminal gives an output voltage of 
the opposite polarity. Internal negativefeedbacktries to make 
the voltage between the input terminals zero. The output volt¬ 
age is proportional to the difference between the voltages that 
would occur between these terminals in the absence of this 
feedback. 

In many applications, one of the input terminals is tied to 
ground and the input voltage is applied to the other input ter¬ 
minal. In the application used here the input signal is con¬ 
nected bewteen the noninverting input and ground. External 
negative feedback is established by connecting a resistor (Rf) 
between the output and inverting input terminals and a resistor 
(Rs) from the inverting input to ground. If the open loop gain 
of the amplifier is very high the voltage gain is: 

G = 1 + Rf/Rs (1) 
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Diode detector circuit. 

FIGURE 2 | 



Basic circuit for operational amplifier. 


FIGURE 3 



Circuit for LM324 Operational ampifier. 

If you use very large values of Rf, the amplifier becomes 
unstable. The maximum usable value depends a little on the 
input resistance. With Rs = 1 k, I find the maximum practical 
value for Rf in both circuits is about 100 k. This means the max¬ 
imum theoretical value of G is about 100. The measured 
experimental values are close to this value. 

In principle, the output voltage is zero when the voltage 
between the input terminals is zero — regardless of the resis¬ 
tance between these terminals. The LM324 amplifier in Fig¬ 
ure 3 is designed to produce zero output under these condi¬ 
tions; the LM741 circuit in Figure 4 contains an adjustment 
for controlling this “zero offset.” In either case, the output volt¬ 
age doesn’t remain zero for large input resistances and the 
amplifier may become unstable. Consequently, I've placed 
a resistor (Rp) in parallel with the input to prevent the meter 


from going off scale when the input terminals are open cir¬ 
cuited. 

The input resistance looking into the op amp is very high 
— on the order of megohms. This means the resistance look¬ 
ing into the terminals of the circuits shown in Figures 3 and 
4 is essentially that of Rp. The output resistance is very low (less 
than 1 ohm). 

Moving coil meter fundamentals 

The op amp’s performance depends on the properties of 
the meter it’s used with. I based my assumptions on a meter 
that has a full scale deflection for 1 -mA input and a resistance 
of 200 ohms. This meter can measure current or voltage, 
depending on the values of the resistances present in the cir¬ 
cuit to which it’s connected. I n electronic circuits these values 
are in thousands of ohms, and it's appropriate to connect the 
meter in series with some portion of the circuit and use it to 
measure current. In very low resistance circuits (like those 
composed of thermocouples), you may think of this meter as 
one for measuring voltage and requiring 200 mV for full scale 
deflection. 

Power is the fundamental quantity determining the deflec¬ 
tion. Replacing the moving coil with another coil having the 
same external dimensions but more turns of inner wire 
decreases the current required for full scale deflection. At the 
same time, it needs less voltage because the resistance is 
higher. Using the simplifying assumption that in both cases 
the space occupied by the insulation on the wire is negligi¬ 
ble, you can see that the change in current compensates for 
the change in voltage while the power is exactly the same — 
200 /iW. Therefore, obtaining maximum meter deflection 
involves an impedance-matching problem. 

Response time is one property of the meter that I’ve over¬ 
looked. Replacing the coil with one that has larger external 
dimensions increases the sensitivity. But because the coil con¬ 
tains more mass, the needle moves more slowly. An alterna¬ 
tive is to replace the original spring with one that isn't as stiff. 
This increases both sensitivity and response; but, the meter 
also becomes more sensitive to vibration. 

Selecting a meter to use with the op amp 

Meter selection isn’t terribly critical. A voltage gain of about 
100 and a very low output resistance are central properties 
of the op amp. The meter can thus be considered a millivolt- 
meter. You'll get the greatest sensitivity from a meter that 
requires thefewest millivoltsforfull scale deflection. However, 
the ICs have a rated maximum output current on the order of 
20 mA, and itappearsthatameter with afull scale deflection 
for a current of this size would be optimum. 

I checked the millivolt calibrations of a number of different 
meters with full scale current ratings between 0.2 and 25 mA. 
Contrary to what I said before, there was very little difference. 
All the meters gave a full scale deflection at about 200 mV, 
within afactor of 2 or so. Apparently my previous assumptions 
don’t apply. Instead, it seems the manufacturers have 
adjusted the parameters of their meters to make this voltage 
difference a design objective. However, meters with lower 
current ratings can save battery drain. 

You may wish to build two tip jacks into the unit and use a 
meter from your shack (a volt ohmmeter switched to a milliam- 
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pere scale, for instance). If you want a very compact instru¬ 
ment, you can use a surplus tuning meter. 

Circuit for the LM324 op amp 

The chip containing the LM324 op amp has four units. The 
circuit in Figure 3 uses only one of them. This circuit is identi¬ 
cal to Figure 2 exceptfor the inclusion of the input resistor Rp, 
the battery, and an on/off switch. 

The LM324 offers you the simplicity of using a battery with 
one polarity and wide voltage flexibility. As I said before, it is 
supposed to be balanced so that it has zero output for zero 
voltage input — regardless of the external resistance con¬ 
nected to it. In practice this balance isn’t perfect, and I've 
introduced the resistance Rp = 27 k to keep the output volt¬ 
age within reason. You might want to try other values. The 
input voltage for full scale output is about 2 mV. The cor¬ 
responding current is this voltage divided by the value of Rp, 
or about 0.07 /*A. With the 1 -mA, 200-ohm output meter this 
corresponds to a current gain of 14,000. The input power is 
0.140 ^W, while output power is 0.2 mW. The power gain 
is 1,400,000 or about 61 dB. 

This circuit is simpler than that of the LM741. You pay for 
that simplicity by giving up a good method of controlling the 
zero offset. The power and current gams are limited by the 
relatively low value of Rp. One way to control the zero offset 
would be to connect a variable bucking voltage in series with 
the input, dispensing with Rp. If this were calibrated, the meter 
could be used as a null indicator and the unknown voltage 
would be equal to the bucking voltage. 

Circuit for the LM741 op amp 

TheLM741 requires power supply voltagesof both polar¬ 
ities with respect to ground. I use a single 9-volt battery with 
avoltagedivider(R1 and R2 in Figure 4). BymakingRI vari¬ 
able, I have incorporated a method for controlling the zero 
offset. (Another way is to connect a potentiometer to pins 1 
and 5, which are not used in this circuit.) 

The ability to control the zero offset makes it practical to use 
a higher resistance for Rp = 1 meg. With the same voltage 
gain value of 100, the current for full scale output is now 0.002 
nA, and the current gain is 10,000. The power input is 4 /^W, 
and the power gain is 50,000,000 or 77 dB. 

Construction methods 

This project allows for great flexibility in construction 
methods. I’ve built two LM324 amplifiers and one LM741. 
One is housed in a meter case with a 3-inch meter. A second 
is in a 1-1/2" x 2" x 3-1/8" mini box with pin jacks for the 
meter. The third is mounted in a sardine can with tip jacks for 
the meter. (There’s room to mount a surplus tuning meter.) 
All three contain 9-volt batteries. 

The 1C is hard wired into the circuit and supported from 
other components by its leads. You may want to mount a 
terminal strip in the box along with one or two insulated ter¬ 
minals in the LM324 circuit. Using the LM741 requires a ter¬ 
minal strip with four or five insulated terminals because of the 
voltage divider. 

Calibration 

Accurate calibration isn’t required in many applications. 
However, you can obtain a calibration by using the circuit 


FIGURE 4 



FIGURE 5 



shown in Figure 5. In this circuit resistors Ra and Rb are in 
series across known voltage VI (conveniently supplied by a 
flashlight cell), and voltage V2 is across Rb and applied to the 
input of the amplifier. Rb should be small (I use 1 ohm). Ra 
is adjusted to give afull scale reading. Find the value of Ra with 
an ohmmeter. The voltage at the input is: Rb x VI/(Ra + Rb). 
The same scheme can be used with the amplifier turned off 
for determining the millivolt calibration of the meter. The volt¬ 
age gain is given by the ratio of the two values of Ra, if the 
value of Rb is small by comparison. 

You can obtain the current calibration from the voltage cal¬ 
ibration and the known value of Rp. You can also find it directly 
by using the voltage divider circuit. To do so, connect a known 
resistance Rm — on the order of megohms — between the 
voltage divider and the input of the amplifier; then adjust Ra 
for full scale deflection. Assuming that the voltage across the 
terminalsof the 1C is negligible when compared with V2, the 
current for full scale deflection is V2/Rm. 

Refinements 

I have given the details for a simple construction project 
which creates a compact instrument. There are a number of 
refinements you can add to make this device more useful. 
• You can build the detector shown in Figure 1 into the box 

that holds the op amp. It can be disconnected by an SPST 

switch in series with the diode. The presence of the choke 
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TWO OFAMERICAS 
MOST POPULAR 
FM STATIONS. 



No wonder Yaesu’s FT-212R Series and 
FT-4700RH mobiles are so popular. 

Not only are the features unique and 
plentiful.The operation hassle free. And 
the mounting options flexible. But also, 
each radio now features a built-in PL 
board. Plus ?/<?« choose the optional 
mic that best fits your operating and 
budget needs. 


FT--212R SERIES. MOBILES THAT 
DOUBLE AS ANSWERING MACHINES. 


Let the 2-meter FT-212R and 440 MHz 
FT-712R lake messages while you’re away (with DVS 1 option)! 45-watt output (35W 
on 440 MHz). Built-in PL encode/decode. 18 memories. Auto repeater shift. Scan 
ning routines. Offset tuning from any memory channel. Extended 
receive. Audible command verification. 

High/low power switch. Oversize amber 
display. Choice of optional mic. More. 

FT-4700RH. DUAL-BAND PERFORMANCE, 

REMOTE HEAD DESIGN. 

Mount the FT-4700RH almost any 
where—the "brains” on your dash, visor, 
or door; I he "muscle” under your seat. 50 
watts on 2 meters, 40 watts on 70 cm. Full 
crossband duplex. Simultaneous monitoring 
* of each band, complete with independent 

squelch settings on the main and 
secondary bands. Built in PL 
encode/decode. 9 memories (each 

band). Extended receive. Reverse repeater shift. High/low 

_power switch. Patch cord for remote mounting. Bright 

LCD display. Backlit controls. Choice of optional mic. 

Want more information? Call (800) 999-2070 toll 
free. Or ask your dealer about Yaesu’s FT-212R Series and 
FT-4700RH mobiles today. T\vo of America’s favorites. 




Choose your 
ojili/nuil mic. 
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mil ; or \ll 115 
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YAESU USA 17210 Edwards Road, Cerritos, CA 90701 
(213)404 2700. REPAIR SERVICE: (213) 404 4884. 
PARTS: (213) 404-4847. 


1W 

Prices and specifications subject tu change without notice. PL is a registered trademark of Motorola, Inc. Specifi 
cations guaranteed only within amateur bands 
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THE ROTATOR! 

OR-2300 (Prototype shown) 

Introducing a new generation in rotatorsl 
Orion's intense research and development has 
produced a rotator for today and into the 
Twenty First Century. 

HIGH PERFORMANCE FEATURES 

• Proven Worm Gear Drive 

• Compact—Fits Popular Towers 

• Flex-Mount 

• Built-In Thrust Bearing 

• Massive Mast Clamps 

• Standard Hole Pattern 

• Self-Centering Guide 

• Stainless Steel Ftardware 

• Made In U.S.A. 

• 1 Year Warranty 

• 35 Square Feet 

• Easy Reading Control Box 

AND MORE! 

For More Details Contact Your 
Local Dealer Or Orion 

(Available Mid Summer) 

ORION 

BUSINESS 

INTERNATIONAL, INC. 

TM 

P.O. Box 9577 Conoga Park. CA 91309 USA 
Tel: (818) 888-4927 fax: (818) 888-5112 Telex. 697-4899 


and bypass capacitor aren't likely to affect the amplifier's 
use in other applications. 

• Figures 3 and 4 suggest that the feedback resistor Rf is a 
continuously variable resistor There are times when you 
may want to reduce the gain, but have reproducible set¬ 
tings. I suggest using a tap switch with fixed resistors val¬ 
ued at 1 k, 3.3 k, 10 k. 33 k, and 100 k corresponding to 
approximately 10-dB changes in gam If the switch has 
some extra positions, you might use one of them for a 220 
or 330-k resistor. 

• There's a gap in sensitivities with high-resistance input 
sources. With the amplifier off, the input is too small to give 
a detectable reading at some input levels. With the ampli¬ 
fier on, and with the lowest gam setting, the meter is off scale. 
For convenience, switch in some resistors in shunt with the 
amplifier input to bridge this gap. You’ll have to experiment 
to find the specific values needed for a particular circum¬ 
stance. 

• You might want to add a reversing switch. especially if you 
plan to use the amplifier with inputs of both polarities. Add 
the switch at the input for the LM324 amplifier, and insulate 
both input terminals from ground. When the internal zero¬ 
ing action is working correctly, the circuit won't respond to 
signals of the incorrect polarity. The meter refuses to deflect 
at all, rather than deflect backwards. If you're using the 
LM741 amplifier, place the reversing switch at the output, 
where it can be useful in adjusting the balance. 

• As I suggested earlier, you might build a calibrated source 
of bucking voltage into the input of an LM324 amplifier 

Conclusion 

Beginners should find this article a helpful introduction to 
op amps. Op amps have wide applications. While they are 
most often used as some form of DC amplifier, they may also 
be used as AC amplifiers. Such amplifiers should have block¬ 
ing capacitors. It’s more feasible to cascade AC amplifiers 
because the zero offset of one stage is not amplified by the 
next. If you use feedback networks with capacitors, the op 
amp becomes a very effective filter. 

These are topics discussed in many current magazine arti¬ 
cles as well as the references given below 2 6 . For beginners, 
I recommend Reference 3 For an advanced treatment read 
Reference 5 It contains internal circuit diagrams of the 
LM324 and LM 741 amplifiers along with data on their ratings. 
For practical circuits using operation amplifiers in diverse 
applications, I suggest Reference 6 For a discussion of the 
zero offset problem and some of the improved op amp chips 
now available, see Reference 7 Reference 8 and 9 are use¬ 
ful survey articles on op amps. QS 
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“Thanks for 
the new 
country 
(Taiwan)! 
Your Heath 
gear sounds 
great!” 

K3YGU, Maryland 
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Heath 

offers you more. 

In addition to the SB-l t(K), 
Heath offers a full line of pre- 
assembled or build-it-yourself 
amateur radio equipment to 
completely outfit your ham shack 
or upgrade your system. 

You can also prepare for your 
next exam (Novice, Technician, 
General, Advanced or Extra class) 
with Heath study courses. 

Finally, as a Heath-equipped 
ham, you can get answers to your 

I technical questions from our 
tech consultants, who are 
licensed ham operators, on the 
Heath Tech Assistance line 
For more information on the 
SB-1400 or Heath’s complete 
line of amateur radio 
equipment, call for a FREE 
catalog: 1-800-44-HEATH 
(1-800-444-3284) 


I ugc pilcups. big «. it\ 
QKN, no spare parts, 
and a long way to anywhere. 

You probably couldn’t find a 
better test of the new SB-1400 
All-Mode Transceiver than Heath's 
expedition to Taipei in the 
Republic of China. 

When working I)X, you need 
sensitivity to dig for the weak 
ones, but still need dynamic range 
so the guy down tlx - block d<x*sn’t 
clobber you in the middle of a 
QSO. Sure, the SB 14(H) worked the 
S9 + 30 signals, but out of the pile- 
ups it also worked a number of 
stateside stations running 5 watts 
or less! And that’s not bad for a 
short path distance of7600 miles! 

SB-1400 

A proven transceiver. 

Hie technology that worked 
the world can work for you, 
too, in your own ham shack. 

The SB-1400 is a fully assembled 
all-band, all-mode (FM optional), 
continuous duty, 100-watt 
transceiver. It incorporates an 
impressive general coverage 
receiver with dual VFOs for 
split operation and 20 
memories to store your favorite 
frequencies. Tlx* unit includes 
standard SSB filter plus a 
narrowband S(H) Hz CW filter 
and wideband AM filter. It also 


features clarifier (RIT), front 
panel AGC, noise blanker, all 
mode squelch, 20 dB attenuator, 
computer interface, and a clean, 
“operator preferred" front panel 
layout. 

Tlx* transmitter’s PA is cooled 
by a quiet, thermostatically 
controlled internal fan and is 
enclosed in its own diecast 
aluminum heat-sink chamber, 
which allows for fill I power 
operation in (AY. SSB. FM and 
R1TY, AMK )R, SSTV, and Packet 


Best to start with. 
Best to stay with. 

Heath Company 

Benton Harbor, Michigan 49022 

• I9K 1 ;. 11 cal h Company 
A subsidiary of 

Zenith Klee ironies ( orporation 












The weekender 


SOLID-STATE 
SWITCHING THE 
MIDLAND 13-509 


By Nick Ciarallo, VE2H0T, 85 Celtic Drive, 
Beaconsfietd, Quebec H9W-3M6 


I f you have a Midland 13-509, you might have the same 
problem I had. About two years ago, the TX/RX relay 
was on its way out and was driving me crazy! The radio 
transmitted intermittently, so I suspected the relay It looked 
hopeless and I decided to trash it. I've seen articles on solid- 
state switching for other radios, but nothing for the famous 
13-509 So, as they say, I had to "roll my own." Because 
I would be removing the relay. I had to make sure the cir¬ 
cuit would do what the relay did. That is: 

• Supply +12 volts to the transmitter and the PIN diode 
switch when keyed. 

• Supply the receiver with +12 volts when unkeyed. 

• Handle the RF switching. 

How it works 

When the radio is keyed, the RF switch has to show the 
transmitter a short circuit (or something close to it) to the 
antenna. At the same time, the switch must isolate the 
receiver's sensitive front-end components from the trans¬ 
mitter's high-power signal. When Ihe radio is keyed, both 
PIN diodes are turned on (see Figure 1) The first PIN (CR1) 
provides a low-impedance path for the transmitter to load 
into the antenna; the second PIN (CR2) is essentially a short 
circuit at the receiver input The coax between the receiver 
and antenna acts like an impedance transformer because 
it's a quarter wavelength long at 223 MHz. This makes the 
short circuit caused by PIN diode CR2 at the receiver input 
look like a high impedance at the antenna When you unkey 
the radio and put the switch in receive mode, both PIN 
diodes are removed from the circuit because they no longer 
have any bias current. The antenna now sees a high- 
impedance path to the transmitter and a short circuit to the 
receiver Consequently, none of the received signal is 



Receiver PIN diode installation (CR2 in Figure I). The PIN diode is 
located next to the word HOT. Note there is no excess length where 
the RG-174 makes its connection to the diode. 
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FIGURE 1 



absorbed by the transmitter’s output circuitry and there's 
no loss of receiver sensitivity. If you want to know more 
about PIN diodes and PIN switches, OA4KO/YV5 has writ¬ 
ten an excellent article on the subject. 1 

The design 

First, I removed the relay. Then I measured the current 
requirements for the transmitter and receiver. The switched 
12-volt line that feeds the transmitter supplies everything 
except the driver and final. The current drawn by these 
stages is about 200 mA. The receiver draws 140 mA at full 
volume, unsquelched. The PIN diode switch requires 
60 mA (a little less than the relay). Armed with this informa¬ 
tion, I was ready to design the DC switching circuit. The 
most convenient way to do the switching was to start with 
a hex inverter to provide the appropriate levels, and then 
buffer the outputs to supply the required current. I selected 
a 74C14. Because the current demands for the radio aren’t 
very large, you can use small transistors. I used 2N2907s 
and they worked just fine. Empirically select the resistor that 
determines the bias current for the PIN diodes. The resis¬ 
tor you use depends on which diodes you choose. Almost 
any PIN diode will work; just make sure it can handle the 
power. Don't shy away from ones that look like 1N914s; they 
can probably handle a hundred watts. Check the specs! 

The transformer 

The coaxial transformer for 223 MHz is 8.75" long and 


PARTS LIST 

CAPACITORS 

DIODES 

2 0.01 iiF 

2 PIN diodes (see article description) 

5 0.001 fF 


1 470 pF/SM 


RESISTORS 

SEMICONDUCTORS 

1 180/1 watt 

1 2N2222 

1 430/1 watt 

2 2N2907 

2 1 k 

1 74C14 

2 1.5 k 


3 10 k 


INDUCTORS 

MISCELLANEOUS 

1 0.68 fiH 

10" piece of RG-174 50-ohm coax perfboard 


is made from RG-174 mini coax. Make sure the 50-ohm sec¬ 
tion is the proper length. If you cut a piece of coax that is 
10" long and strip off and separate 1/2" from each end, 
the actual 50-ohm section will be 9 inches. The formula for 
determining the coaxial cable length is as follows: 
1946/F 0 = L 

where F 0 is the frequency in MHz, and 
where L is the length in inches 

for 66-percent velocity factor coax 
example: 1946/223.0 = 8.73", 
round off to 8.75" 
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Transmitter PIN diode installation. There are •'stripline" inductors 
for SWR protection circuit. Again, note there is no excess lead length 
where the RG-174 connects to the PIN diode. 


Installation 

I mounted the PIN diode and coupling cap for the 
receiver across the antenna input terminals on the receiver 
strip (see Photo A) and ran the quarter-wave coaxial trans¬ 
former over to the antenna connection, where the relay used 
to be. I installed the PIN diode for the transmitter on the 
foil side of the board near the relay location, after the 
"stripline inductor" which couples RF to a second stripline 
inductor located next to it (see Photo B) These inductors 
are actually parallel traces on the pc board, used to cou¬ 
ple RF to the diode that detects reflected power for the 
VSWR protection circuit. My last addition was a capacitor 
right at the antenna connector. I used a 470-pF silver mica 
unit You must install this cap to prevent the +12 volt (TX) 
switched line from supplying the antenna with DC. In my 
tests, this capacitor didn’t affect the performance of the radio 
in any way. 

I built the logic circuit on a small piece of perfboard. The 
relay pads provide all the connections necessary for the 
solid-state switch. Make sure you tie all unused inputs of 
the 74C14 to ground and bypass the chip by placing a 0.01- 
/iF capacitor across its supply pins. Keep all RF connec¬ 
tions as short as possible. 

Photo C shows the solid-state switch just before installa¬ 
tion I used double-sided tape to mount the completed cir¬ 
cuit in the compartment at the back of the radio where the 
relay used to be. Photo D shows the circuit mounted with 
double-sided tape. 



Completed circuit before installation. A 74HC14 was used in the ori¬ 
ginal design; the 74C14 has been substituted due to greater availa¬ 
bility. 



PHOTO D 


The PIN diode switch installed. The double-sided tape holds the 
complete PIN diode switch assembly securely. 


site. After over two years of daily service with this modifica¬ 
tion installed, my radio hasn't given me any problems. 


Results 


Final note 


Your radio will switch quickly after you make these modi¬ 
fications. I measured 20 ms to full power, which is an 
improvement on an already fast-switching radio. Receiver 
sensitivity improved and the radio is now quieter since I've 
removed what had become (in my radio, anyway) a very 
lossy relay. The same holds true for the transmitter. 

The power output increased 4 watts. This 4-watt differ¬ 
ence equates to the removal of about 1.6 dB of insertion 
loss' Since the RX/TX turnaround time is faster, you can use 
the radio for high-speed packet linking without worrying that 
the relay will die in mid-January at your remote repeater 


I'd like to hear from anyone with suggestions and/or modifi¬ 
cations for this circuit. If you have questions about the circuit 
and its installation, send me an SASE and I'll try to answer you 
as fast as possible I'd like to thank Jean-Guy DeschSnes, 
VE2BEY; Henry Szczawinski, VE2BJR, Ben Soo; and Dmo 
Moriello, VE2FSA, for their help in putting this article together. 
If you have a question that you feel can be answered on 
packet, I can be reached at NA2B H 
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The newest in the line of rugged spectrum analyzers from AVCOM offers amazing performance for 
only $2,675. 


AVCOM'S new PSA-65A is the first low cost general purpose portable spectrum analyzer that's loaded 
with features. It’s small, battery operated, has a wide frequency coverage and is accurate - a must for 
every technician's bench. Great for field use too. 

The PSA-65A covers frequencies thru 1000 MHz in one sweep with a sensitivity greater than -90 dBm 
at narrow spans. The PSA-65A is ideally suited for 2-way radio, cellular, cable, LAN, surveillance, edu¬ 
cational, production and R&D work. Options include frequency extenders to enable the PSA-65A to be 
used at SATCOM and higher frequencies, audio demod for monitoring, log periodic antennas, carrying 
case (AVSAC), and more. 

Want to expand your technical horizons and become skilled at using Spectrum Analyzers — the 
most powerful and versatile RF instruments in existence today? 

AVCOM’s PSA-65A is an ideal instrument to accomplish these goals. It’s basic enough to begin 
with and sophisticated enough to keep pace with you as your technical requirements grow. Write, 
fax or call AVCOM for more information on this or on our other fine microwave and related products. 
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Ham Radio 
Techniques 


Bill Orr, W6SAI 


COAX REVISITED 

We were lammed in the tail of the 
A-20 (Boston) attack bomber, electrical 
cables and steel control wires all 
around us. It was pitch black except for 
the beam of my flashlight. The noise 
was deafening. Herbie. W6KJT. leaned 
against me and shouted in my ear. 
"Feel the cable!" I did as he told me 
and found that the coax cable was 
very warm to the touch. I knew the 
cable was running hot because of the 
RF in it. I had just turned on the aircraft 
transmitter a few moments before and 
locked the key. Then we had crawled 
to the back of the fuselage to deter¬ 
mine the condition of the coax feeding 
the antenna. 

"That's only 100 watts in the cable." 
he yelled "Come along with me!" We 
squirmed forward, dropped into the 
bomb bay of the fuselage, and slid to 
the cement floor of the factory I turned 
off the transmitter on my way out of the 
aircraft. 

The A-20 production line stretched, 
plane after plane, until it disappeared 
at the back of the Douglas Aircraft 
assembly plant. At the far end of the 
line, the skeleton frames of the A-20s 
were attacked by gangs of riveters 
whose tools made an ear-splitting din 
— like that of a thousand machine 
guns. As the planes progressed along 
the line, their wings, engines, landing 
gear, and other major parts were 
added. By the time an aircraft reached 
the point on the line where we were 
standing (next to the huge hangar 
doors) it was complete, loaded with 
radio and navigation equipment, and 
almost ready for flight testing. 

It was mid-summer 1941 and the 
building was hot Herbie dusted him¬ 
self off and led me to the radio room 
at the side of the building. "Starting 



right now, on plane number 386, we 
stop using this old copolene-insulated 
coax line and start using some new 
coax called WC-549. It has a brand- 
new polyethylene inner dielectric and 
is rated for use at 400-watts power up 
to 200 megacycles!" 

Two hundred megacycles! I looked 
at the new coax, glistening in its black 
jacket. Just the thing for my post-war 
ham rig! W6KJT grinned as he read 
my thoughts. He pointed to a large box 
full of interesting devices. "New style 
coax plugs and receptacles! The mili¬ 
tary nomenclature is PL-259 for the 
plug and SO-239 for the socket. 
There's also a splice adapter. When all 
of this stuff gets on the market after the 
war. ham radio will never be the same 
again!" 

I agreed. But how much would this 
new, efficient coax line cost? Maybe 
hams wouldn't be able to afford it! 

The low-loss coax didn't become 
available for civilian use until 1946 
when the military dumped miles of it 
on the surplus market (see Figure 1) 
It sold from two to five cents a foot. 


depending upon the quantity ordered. 
In the interim, the Army-Navy RF Cable 
Coordinating Committee had stan¬ 
dardized the cable at 52-ohms 
impedance, defined its characteristics 
and had renamed it RG-8/U. (The 
nomenclature described it in the mili¬ 
tary cable procurement list: "RG" 
stood for "Radio Guide," the number 
"eight" indicated the serial number of 
the particular cable type, and the "U" 
stood for "Utility" service.) 

A companion, smaller diameter, low- 
power cable (RG-58/U), was also 
manufactured during the war in vast 
quantities. It was available as surplus 
at a comparable low price. I was so 
carried away with enthusiam that I 
bought a 500-foot roll of each cable 
type 

It was a whole new ball game for 
Amateur Radio. The transition from 
open-wire line to coax was difficult, but 
it paid important dividends once tele¬ 
vision became popular and we had to 
deal with TVI problems. The wartime 
development of the SWR meter also 
provided Amateurs with a quick and 
meaningful readout of antenna oper¬ 
ation. 

During the fifties, military coax sys- 



Military surplus coaxial cable sold for from two to five cents in 1946. 
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terns underwent another major modifi¬ 
cation. HF and VHF systems were 
standardized on a 50-ohm impedance 
level. Because the venerable RG-8/U 
was a 52-ohm cable, it was obsolete 
and would be dropped from the mili¬ 
tary inventory to be supplemented by 
an equivalent 50-ohm line, RG-213/U. 
The smaller companion cable RG- 
58/U (53.5 ohms) was dropped in favor 
of the interim RG-58A/U (50 ohms) and 
the new RG-58C/U (50 ohms). That 
was the end of the matter, or so it 
seemed. 

Today’s coax confusion 

The military cable change opened 
the door for the manufacture and sale 
of “RG-8 type” coax cable of question¬ 
able quality bearing a seemingly 
authentic military acceptance number. 
Any outfit with a secondhand cable¬ 
making machine could grind out 
cheap RG-8 type cable made to any 
specification. The unsuspecting pur¬ 
chaser, seeing the look-alike cable at 
an attractive price, was often conned 
into thinking he was getting a high- 
grade product. Not so! Some RG-8/U 
and RG-8A/U cables are still made to 
the old military specifications by 
reputable manufacturers, but a lot of 
today’s RG-8/U isn’t. 

It’s easy to make a cheap coax line. 
Copper creates the major material 
cost; the cost can be reduced when 
there is less than the optimum number 
of fine wires in the outer braid and the 
braid’s weave is looser. The inner con¬ 
ductor can be made of smaller gauge 
wire, or can have less wires than in the 
approved coax. The inner insulation 
can be made of reclaimed or substan¬ 
dard material and the outer jacket can 
be made of inferior vinyl that has pin¬ 
holes. The alignment between inner 
conductor and outer shield may be 
imperfect. Finally, the rigid inspection 
and testing given to approved cable 
types may be entirely absent. 

You may not notice results of using 
cheap coax right away. The first thing 
you’ll find is that it’s difficult to place a 
PL-259 plug on the coax. Good coax 
has a 97-percent shield coverage. This 
means that only 3 percent of the shield 
area is open; the remainder is com¬ 
posed of small copper wires. Less 
expensive coax may have as little as 
75-percent shield coverage, leaving 25 
percent of the shield area open. This 


plays havoc when you try to solder a 
coax plug on the cable. As soon as the 
shield wires are hot enough to solder, 
the polyethylene inner insulation melts 
and squirts out between the wire inter¬ 
stices, making soldering almost impos¬ 
sible. 

It's okay to use this cheap cable at 
the lower frequencies (like 160 and 80 
meters), providing you can solder on 
the coax fittings. Loss is low and over¬ 
all shielding is adequate. It's not a 
good idea to use solderless coax 
plugs to overcome the soldering 
problem —■ but that’s another story. 

When copper is eliminated in a 
cheap cable, the cable characteristics 
change. The 75-percent shield cover¬ 
age of the cable results in a charac¬ 
teristic impedance of about 60 ohms! 
Velocity of propagation is also higher 
and averages 78 percent, as con¬ 
trasted with 66 percent for the 
approved line. This can get you into big 
trouble if you’re cutting quarter-wave 
line sections to formula and not bother¬ 
ing to check line length with a dip 
meter. 


In the VHF region, the cheap coax 
doesn’t fully isolate the inner conduc¬ 
tor from the outside environment. This 
diminishes the good electrical isolation 
quality of the cable. 

How can you tell good coax from the 
cheap stuff? One way is to weigh 100 
feet of the line. RG-213/U or good RG- 
8/U weighs about 11 pounds. The 
cheaper line may weigh as little as 8 
pounds per 100 feet. 

“Foam” coax 

A new type of coax line appeared 
on the market in the fifties. The inner 
dielectric, called “cellular polyethy¬ 
lene,” contains many tiny bubbles. The 
cable is slightly more flexible than an 
equivalent one with a solid dielectric, 
and has substantially less loss in the 
VHF region than common solid dielec¬ 
tric coax. Below 50 MHz, however, 
there's only a slight advantage in using 
foam coax for Amateur operations. 

A lower loss cable for VHF/UHF use 
has inner insulation composed of a 
thick polyethylene insulating thread 
that wraps around the center conduc- 
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Popular types of ''50-ohm” coax lines. Approximate weight is in pounds per 100 feet. The cable impedance is Z and the velocity of 
propagation is V.P. The Military Standard is given where applicable. The inner dielectric is either solid polythylene (P) or cellular polythy- 
lene (foam). The percentage of shield coverage is given. 


Coax 

Belden 

Saxton 

Weight 

per 

100 ft 

Z 

V.P. 

Conductor 

inner/outer 

Mil. Std. 

RG-8/U 

8237 

8282 

11.5 

52 

66 

A 

G 

JAN-C-17A 

RG-8A/U 

9251 

1584 

11.5 

52 

66 

A 

G 

MIL-C-17D 

RG-8/U 

type 

8214 

8284 

110 

50 

78 

B 

G 


RG-8/U 

type 

9208 

1583 

8.5 

57 

78 

A 

H 


RG-8X 

RG-8M 

(mini) 

9258 

8315 

4.1 

50 

78 

C 

J 


RG-213/U 

8267 

8409 

11.5 

50 

66 

A 

G 

MIL-C-17D 

RG-58/U 

8240 

8289 

3.2 

53.5 

66 

D 

K 

JAN-C-17A 

RG-58/U 

type 

9201 

1589 

2.9 

53 

66 

D 

L 


RG-58A/U 

8259 

7290 

2.9 

53 

66 

D 

L 

JAN-C-17A 

RG-58C/U 

8262 

1591 

2.9 

50 

66 

E 

K 

MIL-C-17D 

RG-58C/U 

9203 

— 

2.9 

50 

66 

E 

K 

MIL-C-17E 

RG-58/U 

type 

8219 

1600 

2.9 

50 

78 

F 

M 

_ 


The inner conductor is defined as: 

A—13 AWG 7 strands no. 21 solid copper 
B—11 AWG 7 strands no. 19 solid copper 
C—16 AWG 19 strands no. 29 solid copper 
D—no. 20 solid copper 

E—20 AWG 19 strands x 0.0071 diameter solid copper 
F—20 AWG 19 strands no. 32 solid copper 


The outer shield is defined as: 

G—Bare copper, 97-percent shield coverage 
H—Bare copper, 80-percent shield coverage 
J—Bare copper, 95-percent shield coverage 
K—Tinned copper, 95 percent shield coverage 
L—Bare copper, 78-percent shield coverage 
M—Tinned copper, 96-percent shield coverage 


Dielectric 

P 

P 


tor. The outer shield is made up of two 
layers. The inner layer is a dosed alu¬ 
minum wrapping; the outer layer is a 
tinned copper braid that has 60 to 97- 
percent coverage. Either combination 
provides 100-percent cable coverage. 

In addition to these common cables, 
you can purchase specialized cables 
for CATV use with a nominal 
impedance of 75 ohms. These have 
limited applications for general 
Amateur service. 

I’ve summarized some useful cables 
for Amateur Radio operations in Table 
1. The cables are cross-referenced to 
Belden and Saxton catalog numbers 
for your convenience. 

A cheap and effective 
center insulator 

Do you need an inexpensive center 
insulator for a Field Day dipole? You 
can buy several different makes, but 
here's a design you can build yourself 


for just a few pennies. The idea origi¬ 
nated with Lloyd Bensen, W9YCB. The 
device is light, waterproof, and made 
of easily obtainable materials (Figure 
2). Lloyd uses his insulator on a beam 
because he had problems with water 
entering the line. 

The heart of the assembly is a 4-1/2" 
length of 1/2" (inner diameter) automo¬ 
tive hose. Taper one end of the hose 
with a razor or sharp knife, and slot the 
other end to receive the wires of the 
coax cable. Slide the hose over the 
cable as shown, with the slotted end 
facing the end of the cable. 

Prepare the cable by fanning out the 
braid and unbraiding about 2" with a 
pointed tool. Twist this portion of the 
cable into a tight pigtail. Now remove 
the inner insulation, leaving only a pro¬ 
tective collar about 1/8" long between 
the inner conductor and the outer, 
braided pigtail. 

Bend the coax conductors into the 
shape shown in the drawing and tin 


them. Extend the tinning back to the 
insulating material. Tin the exposed 
portion of the outer braid all around the 
cable. Finally, cut the conductors back 
leaving leads about 3/4" long. 

Press the hose up so the tinned con¬ 
ductors drop into the slots you cut. 
Taper the slots slightly for a tight fit. 

Now weatherproof the end of the 
cable. Lloyd recommends using a 
plastic cap from a hardware store or 
home service center. A cap with about 
5/8" inner diameter slips nicely over 
the hose. Cover the end of the cable 
and the inside of the cap with semi¬ 
liquid insulation before attaching the 
cap. Lloyd used “Sportsman's Goop” 
from a sporting goods shop. (You 
could fill the cap with quick-setting 
epoxy instead.) Press the cap over the 
hose and the end of the cable and 
carefully wipe away any excess goop 
or epoxy around the conductors. 

Wrap the tapered end of the hose 
with vinyl tape. Extend the tape an inch 
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FIGURE 3 



Seasonal change In Ionospheric reflection averaged monthly since 1946, as observed by 
KH6SB at the Maul (Hawaii) Ionospheric Station. Measurements were made during day¬ 
light hours (1100 to 1700 HST) on vertical angle of reflection. Maximum Usable Frequency 
(MUF) is about three times higher than measured reflection frequency (FoF2) shown. The 
MUF has been highest during months of March, October and November, regardless of 
sunspot cycle number. Low point of the MUF is reached in July. (Measurements taken 
mid-month intervals.) 


or two down the coax line. This pre¬ 
vents moisture from entering the end 
of the hose and being drawn up into 
the coax by capillary action 
It takes almost as long to read this 
as it does to make the joint. Try one of 
these simple devices out on your next 
Field Day antenna! 


Radio conditions getting 
better! 

In my September 1988 column I dis¬ 
cussed ionospheric readings made at 
the Maui, Hawaii Ionospheric Station 
by Steve. KH6SB One of the charts 
shown depicted the average value of 
F2 reflection measured by a pulsing 


technique on a vertical path. The chart 
was for a 24-hour time period, aver¬ 
aged each month since 1946, 

Figure 3 shows the same measure¬ 
ments plotted over a 7-hour period, 
corresponding to the daylight hours. 
This provides a more realistic picture 
as the higher frequency bands are 
usually closed to F2 skip during the 
hours of darkness. 

The chart is especially meaningful 
as the sunspot cycle continues to rise. 
It shows that DX conditions are at their 
best during mid-February through mid- 
May. A second period of good DX 
activity falls during the period of mid- 
September through mid-November. 

DX conditions during the winter 
aren't bad, but they are limited by the 
short span of daylight. Summer DX 
conditions, on the other hand, are poor 
from mid-May through mid-September. 
If you want to take a vacation or work 
on your antenna, this is the time to do 
it! 

The “Dead Band” contest 

I want to express my appreciation to 
all who write me in regard to these lit¬ 
tle tests of expertise I appreciate your 
support and kind remarks. I'm sorry I 
can't reply to each of you in person I'd 
like to extend a hearty "thank you" to 
all who took the time to write. Q 



If possible let us know four to six weeks 
before you move and we will make sure 
your HAM RADIO Magazine arrives on 
schedule. Just remove the mailing label 
from this magazjne and affix below 
Then complete your new address (or am 
other corrections) in the space provided 
and we'll lake care of the res! 


Allow 4-6 weeks lo 
•CMIU correction 
Magazine 

Greenville, NH 03048 

Thanks for helping us to serve you better 

I ' ' 
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A Power-Packed Micro £>V DIGITA R 
^ Weather Computer for Your Station... 

Reads Wind Speed (MPH/KPH) • Hi Gusts • Wind Direction • Raintall 
Temperature (Present-Hi-L owl • Wind Chill • Scans All! 


(OPTIONAL! 

Mjrt! CjJurjr 

lust 


Protect Your Antenna & Home! 

A must m every shack Now you can scan heavy Wind Gust Wind 

Direction temp Hi/Lo and more 1 Get your own computerized weather 

station at an me ledibfy tow affordable pnee 

The Hew Azimuth Weather Star by Digitar is a high quality power 

packed weather computer |ust loaded with features Gives you accurate 

weather data hflhl m your shack at the touch of a finger Created 

with the latest C MOS micro chip technology 

You Get All The*e £ »c.rtmq FUNCTIONS & FEATURES with the TWR3 

HANDY COMPACT SIZE *?’' •’ * 

LARGE EASY TO READ LCO READOUT five- you Wind Spet-d • 
Records High Wind Gusts • Wind tVedion • Wind Chin factor • 
OutSKte Present temperature (Remote sensor included) • Hei (Hits 
HiqWluw temperature • Reads m fahrenheii Celsius Miles/Hour o» 
KM/Mr • Programmable Scan' • Operates on DC (Batteries Not 
included! or AC with Optional adaptor • Ram Collector lOptionan 
Yoi'i TWR3 SYSTEM COMES COMPLETE WITH • ?WR3 Weather 
Computer • Anemometer & Wind Vane made ol high impact UV 
resistant plastic with stainless bearings & shaft tor years ol trouble free 
service • 40 fwl of Cable lead m with connectors • Oulswte 
temperature Sensor • dock & Mounting Hautwjie • 

4-v HAOHN AMERICA'TOUR SATISFACTION GUARANTEED' 


tour SPECIAL 

FREE BONUS 

Order TODAY' 


uf'WV’a'* t'-v A.' TiufMtoi'' cT'-'r ,'W SMtinl'-u 

• ' Retail Value S29 95 


AVAILABLE OPTIONS Stainless Oes* Stand <05*221 w 1995 • 
Rechargeable Ni CaoBatlemPakiBPI) a $795 • 40 f I fitension 
Control Cabte i£C40i m $14 95 • AC Power Adaptor |PSI?I 
it $995 • Please add $3 95 for Shipping & Handling of TWR3 • 

Ram Gauge |RG3» $49 95 • for each option add $! 95 
CREDIT CARD ORDERS ONLY 
CALL TOLL-FREE 1-800-882-7388 TODAY! 
Or FAX Your Order 213 473 2325 __ 

Other Stivice Call ?I3 473 133? JOL W 

i9AM to 6PM PST) Ca Res .kid sales la* 

AlHWTtf WEATHER STAR 

1IB4SW CXvmpc HI Swle 1100 Ur Anqele-, CA ‘WOW USft ItVpl 


AVAILABLE AT HENRY RADIO & ALL HAM RADIO OUTLETS' 


L _ J 


1 Yf API I null' d WARRANTY lr«n Manuticturfr* 
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ASTROINI 

CORPORATION 


9 Autry 

Irvine, CA 92718 
(714)458-7277 



INSIDE VIEW — RS-12A 


ASTRON POWER SUPPLIES 

HEAVY DUTY • HIGH QUALITY ' RUGGEO • RELIABLE ' 


RS-A SERIES 


MODEL RS-7A 


RS-M SERIES 


VS-M AND VRM-M SERIES 


RS-S SERIES 


SPECIAL FEATURES 

• SOLID STATE ELECTRONICALLY REGULATED 

• FOLD-BACK CURRENT LIMITING Protects Power Supply 
from excessive current & continuous shorted output 

• CROWBAR OVER VOLTAGE PROTECTION on all Models 
except RS-3A US 4A. RS-5A. 

• MAINTAIN REGULATION & LOW RIPPLE at low line input 
Voltage 

• HEAVY DUTY HEAT SINK • CHASSIS MOUNT FUSE 

• THREE CONDUCTOR POWER CORD 

• ONE YEAR WARRANTY • MADE IN U S A 


PERFORMANCE SPECIFICATIONS 

• INPUT VOLTAGE 105-125 VAC 

• OUTPUT VOLTAGE 13 8 VDC * 0 05 volts 
(Internally Adjustable 11-15 VDC) 

• RIPPLE Less than 5mv peak to peak (full load 4 
low line) 

• Also ovoiloklo wilt 220 VAC iopel voltage 


MODEL VS-50M 


19" x 5V« RACK MOUNT POWER SUPPLIES 



Continuous 

ICS - 


Size (IN) 

Skipping 

MODE! 

Duty (Amps) 

| Amps) 


H x W x D 

Wt (Iks.) 

RM 12A 

9 

12 


5% x 19 x 8% 

16 

RM-35A 

25 

35 


5’. x 19 x 12% 

38 

RM-50A 

37 

50 


5 Vi x 19 x 12% 

50 

• Separate Volt and Amp Meters 






RM 12M 

9 

12 


5 Vi X 19 X 8% 

16 

RM-35M 

25 

35 


5% X 19 x 12% 

38 

RM-50M 

37 

50 


5 Vi X 19 X 12% 

50 


Conlinoous 

ICS’ 


Size |INj 

Skipping 

MODEL 

Dely (Amps) 

(Auips| 


H x W x 0 

Wt |lbs | 

RS-3A 

25 

3 


3 x 4% x 5** 

4 

RS4A 

3 

4 


3% x 6% x 9 

5 

RS-5A 

4 

5 


3% x 6'« x 7'A 

7 

RS-7A 

5 

7 


3% x 6% x 9 

9 

RS-78 

5 

7 


4 x 7% x 10% 

10 

RS-10A 

7.5 

10 


4 x 7% x 10% 

11 

RS-12A 

9 

12 


4% x 8 x 9 

13 

RS-12B 

9 

12 


4 x 7% x 10% 

13 

RS-20A 

16 

20 


5 x 9 x 10% 

18 

RS-35A 

25 

35 


5 x 11 x 11 

27 

RS-50A 

37 

50 


6 x 13% x 11 

46 


Conlieoous 

ICS’ 


Size |IN| 

Skipping 

MODEL 

Duly |Amps| 

| A mp s | 


IxlxO 

Wl. (lbs 1 

• Switchable volt and Amp meter 






RS-12M 

9 

12 


4% x 8 x 9 

13 

• Separate volt and Amp meters 






RS 20M 

16 

20 


5 x 9 x 10% 

18 

RS-35M 

25 

35 


5 X 11 x 11 

27 

RS-50M 

37 

50 


6 x 13% x 11 

46 

• Separate Volt and Amp Meters • 

Output Voltage adjustable born 2-15 volts • 

Current limit adjustable from 1 5 amps 

to Full Load 







Continuous 


ICS’ 

Size | IN | 

Skipping 

MODEL 

Duty |Amps j 


(Amps) H x W x D 

Wl. (lbs | 

@13 8VDC @10VDC @5VOC 


@13 8V 


VS-12M 9 

5 2 


12 

4% x 8 x 9 

13 

VS-20M 16 

9 4 


20 

5 x 9 x 10% 

20 

VS-35M 25 

15 7 


35 

5 x 11 x 11 

29 

VS-50M 37 

22 10 


50 

6x 13% x 11 

46 

• Variable rack mount power supplies 





VRM-35M 25 

15 7 


35 

5 Vi X 19 X 12% 

38 

VRM-50M 37 

22 10 


50 

5% x 19 x 12% 

50 

• Built in speaker 







Continuous 

ICS’ 


Size |IN| 

Skipping 

MODEL 

Doty | Auips) 

Amps 


H x W x 0 

Wt. (Iks.) 

RS-7S 

5 

7 


4 x 7% x 10% 

10 

RS-10S 

7.5 

10 


4 x 7% x 10% 

12 

RS 12S 

9 

12 


4% x 8 x 9 

13 

RS-20S 

16 

20 


5 x 9 x 10% 

18 


ICS—Intermittent Communication Service (50% Duty Cycle 5min on 5 mm off) 
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A Big Video Monitor 
for Packet 
Demonstrations 

Packet operators are often called upon 
to give demonstrations to public offi¬ 
cials or Amateur Radio groups. 
Because of the small screen, everyone 
has to crowd around to see what’s 
going on. Small computer screens cre¬ 
ate difficulties for sight-impaired hams 
as well. 

There are large-screen (and even 
projection) TVs available, but most 
equipment designed for off-the-air tel¬ 
evision reception has only a 4.5-MHz 
video bandpass and is unable to dis¬ 
play the “normal” 80 columns. (Com¬ 
modore and Apple default to 40 
columns because many people use 
ordinary television sets as monitors.) 
The serious computer user needs a 
monitor with a video bandpass of at 
least 12 MHz. 

There is a family of excellent large- 
screen monochrome video monitors 
that meet the 12-MHz video bandpass 
requirement. These are the 19-inch 
Motorola M5000s and 23-inch Moto¬ 
rola M7000s made for use as flight 
annunciator displays at airports. Unfor¬ 
tunately, they are no longer manufac¬ 
tured, but service literature and parts 
are still available and the monitors do 
show up at computer and ham flea 
markets. 

A frequently asked question is: “Will 
my computer have enough output to 
drive a large-screen monitor like that?” 
Luckily, this is no problem. A monitor 
requires two inputs, power and signal. 
While the power requirement may go 
up (these units require 110 watts), the 
signal requirement is independent of 
screen size. 

The M5000 and M7000 require 117 
volts AC and a “composite” video sig¬ 



nal (the normal output from most com¬ 
puters like the Apple or Commodore). 
They are specified to have a horizon¬ 
tal sweep frequency of 15,750 ±500 
Hz with a vertical of 50 or 60 Hz. 

It would probably be wise not to 
share this tip with our non-ham com¬ 
puter friends, or they’ll dry up the entire 
supply, and there won’t be enough left 
for us... 

David McLanahan, WA1FHB 

A Simple Infrared 
Detector 

My house is full of remote gadgets. 
The TV, VCR, and other assorted 
goodies all respond to commands 
issued on invisible rays of infrared light. 
Even my ham shack hasn’t been 
spared; optical interrupters have 
replaced multisection tuning capaci¬ 
tors in receivers and transceivers. For 
most of us, trouble-shooting these 
devices has been limited to changing 
the battery and hoping for the best. 

This project is designed to detect 
infrared light. It can be used in con¬ 
junction with a scope to verify that 
encoding information is present. 

I enclosed my detector in a 4-3/4x2- 
1/2x1-1/16 plastic case, but the circuit 
is simple enough that you can bread¬ 
board it when the need arises. I found 
all the parts at the local Radio Shack 
for under $15. Construction isn’t criti¬ 
cal; I mounted all of the components 
on the case’s front panel and used 
point-to-point wiring. 

The circuit is shown in Figure 1 . To 
keep things portable, you can use a 


piezoelectric buzzer in place of the 
scope for infrared detection. The 
encoded binary information emitted 
from a hand controller will modulate 
the buzzer’s tone. I mounted the pho¬ 
totransistor in an LED bezel. You can 
also install it in the barrel of an old pen 
(with a length of RG-162 going back to 


FIGURE 1 



The circuit for the simple infrared dectector. 


PARTS LIST 



Radio Shack 

Quantity Description 

part number 

t 

IR phototransistor 

276445 

7 

piezo buzzer 

273-065A 

2 

SPOT switches 

275-603 

2 

470 ohm 1/2 watt 

271-019 

1 

9-volt battery 

23-464 

1 

battery connector 

270-325 

1 

battery holder 

270-3264 

2 

binding posts 

274-66 1 

1 

plastic case 

270-222 

1 

LED bezel 

276-080 


the remaining circuitry) for probing 
around infrared sources in shaft 
encoders and other tight areas. 

The detector saturates when used 
outdoors during the daytime. A small 
3 or 4-inch tube placed in front of the 
phototransistor will reduce incidental 
pickup. 

Peter J. Bertlni, K1ZJH 
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CONTINUOUS COVERAGE ANTENNAS 
FOR COMMERCIAL & AMATEUR SERVICE 






V'fL t” % t ,of* 

vH* ( ,oN''Voo° n ... 

74*,H 7 .he ^ ' .-lit 1 ' :\c 


Model AC 1.8-30 

• S\M?Max21,14 1 average from 1 8to30MHz 

• Can be installed in approximately 80 tt spoce 

• Ideal tor commercial services lor multi fre¬ 
quency operation without the need (or 
antenna tuners or additional antennas 

• Handles 1 KW, 2 KW PEP CAS 

• Higher power models available on ✓rv 

special order Contact your 11 h 

dealer or (octory 


U S PatonlNo 4511898 


Model AC 3.5-30 

• SWR less thon 21 from 35 to 30 MH: 

• Complete assembled Baiun terminated with 
standard SO-239 connector 

• Power capability 1 KW 2 KW PEP ICAS Higher 
power model is available on special order 

• Desgned for 50 ohm feedllne 

• Weather proof balun ond balancing network 


1.6 to 30 MHz 


‘175 00 

A HANDING 
ADD $4 00 


3.5 to 30 MHz 


’184 50 

SHfflNG ftHWOL JNG 
ADO $4 00 


Only 90 feet long 


US Patent No 4 423 423 


ALL OUR PGOOUCTS MADE N USA 

BARKER & WILLIAMSON 

Quality Communication Products Since 1932 

At your Oetnbutors Write or Can 

10 Canal Street Bristol PA 19007 MPP 

(215) 766-5561 MM 


Actual VGA Screen Photo 


_ 


ARE 


iAXJJj Communications l imited, 6 Royal Parade, 
llanitcr l-ane, Haling, london VP1A IET. P.nfiiand 
Pax 01-991-2 561 


The best computer FAX system just got better! 

A complete facsimile reception system 
for the IBM PC or Compatible. Receives 


for the IBM PC or Com pat 
up to 16 intensity levels. 

Includes: 

Demodulator SO Page Manual 

Software Tutorial Cassette 


Frequency List 
Features: 


Interpretation Guide 


Print on Epson, or HP Laser Jet 
Disk Save, Zooming, Image processing 
Unattended Image Capture and much more 


Software Systems Consulting 
1303 S. Ola Vista, San Clemente, CA. 92672 

(71 4)- 


Tel 01-997-4476 
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THE BATTLE OF THE 
BEAMS 

PARTI 


ByD. V. Pritchard, G4GVO, 55 Walker Dr., Leigh on 
Sea, Essex SS9 3QT, England 


1940... Now, nearly 50 years from those near-disastrous 
days , how many of us remember (or even know of) the debt 
of gratitude owed to one man who confounded the radio 
experts and overcame officialdom to earn Churchill's praise 
as the man who “broke the bloody beams" — who went on 
to unravel the secrets of German radar and Hitler’s "V 
weapons," the VI pilotless flying bomb (the "doodlebug") and 
the V2 rocket? 

B orn in London in 1911, R. V. Jones was educated at 
St. Jude's, Herne Hill, and later at the Elementary 
School in Sussex Road, Bnxton, where he won a 
scholarship to Alleyn's School, Dulwich, Awarded an Open 
Exhibition in 1929 to Wadham College, Oxford, he worked in 
the Clarendon Laboratory under Professor Lindmann (later 
Lord Cherwell and Winston Churchill's wartime Scientific 
Adviser), where he turned his talents to infrared detection — 
an interest he was to pursue for the next 30 years. 

In 1939, he was appointed Scientific Officer to the Military 
I ntelligence Service (M16) to find out what the Germans were 
doing in the way of applying science to warfare. In early 1940, 
he came to believe that they had a radio-navigation system 
by which they hoped to bomb accurately at night. 

Knickebein—the crooked leg 

From captured documents found in crashed German air¬ 
craft he came across the word Knickebein, or "crooked leg.” 
The Germans' code names were informative — this one even 
sounded like a beam. But what kind was it? 

Then two prisoners of war were overheard to speak of 
something called X-Gerat, or "secret apparatus;" evidently 
it was something used in an aircraft, and involved radio pulses, 
A thriller could hardly have a more intriguing title, but what was 
X-Gerat— and was it the same as Knickebein? Deeply 
interested, Jones pressed his Intelligence sources for more 
information and in March was rewarded with the navigator’s 
notes from a shot-down Heinkel. Navigational Aid: Radio Bea¬ 
cons working on Beacon Plan “A." Additionally from 0600hr 


Beacon Duhnen. Light Beacon after dark. Knickebein from 
0600hron 315° 

Shortly afterwards, a cooperative prisoner said that Knick¬ 
ebein was a beam so narrow and exact that two of them could 
pinpoint a target with an accuracy of less than a kilometer. He 
also added that Knickebein was in some ways similar to X- 
Gerat, assuming that we were familiar with both systems! 

From the wreck of another Heinkel, a diary was rushed to 
Jones. It read: March 5. Two-thirds of flight on leave. Afternoon 
training on Knickebein, collapsible boats, etc. 

By this time, the cryptographers at Bletchley Park had per¬ 
formed a near miracle by breaking the German Enigma code. 
One of the intercepted messages from a German aircraft was 
sent to Jones: Knickebein, Kleve, is confirmed at position 
53°24' north and 1° west. This meant that the aircraft had 
reported receiving the beam a few miles south of Retford in 
Nottinghamshire, and Kleve (where Anne of Cleves came 
from) was on the nearest German soil to England. 

But, clearly, there had to be two beams: one along which 
the bomber flew, and another one — a marker beam — to tell 
the pilot when he was approaching his target. Evidence of this 
second beam arrived a few days later in yet more salvaged 
papersfrom a crashed Heinkel. Long-range Radio Beacon: 
Knickebein (Bredstedt) 54°39', 8°57', Knickebein (Kleve) 
51°47'5", 6°6'. 

So Bredstedt in Schleswig-Holstein was the source of the 
second beam! 

Amateurs and experts 

Obviously beams less than a kilometer wide at well over 300 
km called for very high frequencies — possibly something in 
the centimetric region. And although this part of the spectrum 
was in some use at the time, the power generated by valves 
then available was very low. Certainly the German system sug¬ 
gested they had overcome the problem. (It was only later that 
we discovered that German radar had been operating on 50 
cm since about 1930!) 

However, Rowley Scott-Farnie, G5FI (then a signals officer 
in RAF Intelligence), showed Jones a report by! L. Eckers- 
ley (the country’s leading propagation expert), in which Eck- 
ersley had computed the possible range of a 20-cm transmit¬ 
ter sited in the Hartz Mountains. If the calculations were 
correct, the signals would bend round the earth and might 
well be heard by a bomber at 20,000 feet over England. This 
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information, together with the evidence he had already col¬ 
lected, prompted Jones to alert Professor Lindemann to the 
possibility that the Germans had a narrow-beam system for 
bombing the country. Lindemann naturally countered with 
the objection that the frequencies they would have to use 
could not possibly bend round the earth, but Jones produced 
Eckersley’s calculations and told him that indeed they could. 

But how were the Germans doing it? I nspection of captured 
aircraft revealed nothing unusual and the radio equipment 
seemed perfectly normal — certainly nothing in the way of 
centimetric receivers. He pressed for yet more information, 
especially from the prisoner-of-war interrogation centers. Did 
their aircraft carry special receivers for beam reception? Had 
we missed something? 

Quite correctly the prisoners admitted nothing. But at one 
center a prisoner was overheard to tell his friend that no mat¬ 
ter how hard we looked for the equipment we would never find 
it. This startled Jones, for it implied that it was under our very 
noses and therefore we would never see it. Methodically he 
sifted through the captured equipment, but the only item that 
fit the bill was the receiver marked E Bl 1 (Empfanger Blind 
1) — Blind Landing Receiver Type 1 — which was used by 
both the RAF and the Luftwaffe for blind landing on the Lorenz 
Beam System. 

The Lorenz System, however, only had a range of about 8 
km at best, unless the Germans had somehow dramatically 
increased its range. Knowing that Farnborough had evalu¬ 
ated the equipment, he inquired if there was anything unusual 
about the receiver. 

"No,” came the reply. "Butsinceyou mention it, the receiver 
is many times more sensitive than they would ever need for 
blind landing.” 

Could that be it! Dr. Jones spoke to Lindemann, who drafted 
a note to Churchill. He wrote: 'T here seems some reason to 
suppose that the Germans have some type of radio device 
with which they hope to find their targets " 

Churchill initialed the note and sent it to the Air Minister, 
addi ng: 'This seems most intriguing and I hope you will have 
it thoroughly examined.” 

A committee of inquiry was formed and Squadron Leader 
R. S. Blucke was put in charge of flying operations. Three 
Ansons were fitted with suitable receivers and flown by Lorenz- 
trained pilots. Rowley, G5FI, told Jones that the German pre¬ 
set frequencies were likely to be 30,31.5, and 33.3 MHz, and 
sure enough a few days later a scrap of paper recovered from 
yet another crashed aircraft read: Knickebein (Kleve) 31.5. 

On June 20 a Heinkel was shot down. The radio operator 
had bailed out, had torn his notes into shreds, and was actu¬ 
ally burying them when he was captured. An Intelligence 
NCO unearthed them, gummed them together, and sent 
them to London. VHF. Knicke 54°38'7"N, 8°56'8"E, 
51°0'30"N, Eqms., Stollberg30mc/s. Kleve51°47'N, 6°2'E, 
55°N, 2°Eqms., 31.5 mc/s. 

This seemed to confirm the existence of another Knickebein 
installation at Stollberg and in Schleswig-Holstein. It also con¬ 
firmed Scott-Farnie’s guesses about the frequencies. Yet after 
two flights the Ansons failed to find the beams. 

Was Jones wrong after all? Many thought so. Sir Henry Tiz- 
ard was skeptical (and fell from Churchill’s favor as a result), 
Air Chief Marshal Dowding was doubtful, and Air Chief Mar¬ 
shal “Bomber” Harris was scathing. Other military and scien¬ 


tific brains looked askance at the young man who questioned 
established wisdom. Then, suddenly, Jones was summoned 
to a meeting at Downing Street. 

Thinking the message was one of Scott-Farnie’s practical 
jokes, he arrived half an hour late to find the meeting already 
in progress. A galaxy of talent confronted him. 
Churchill sat on one side of the table flanked by Lindemann 
on his left and Beaverbrook on his right. Facing them was Sir 
Archibald Sinclair (the Air Minister), Sir Cyril Newall (Chief of 
the Air Staff), Sir Henry Tizard, Watson-Watt, and Portal and 
Dowding (Commanders-in-Chief of Bomber and Fighter 
Commands). Breathing his apologies to the Prime Minister, 
Jones took his place at the end of the table. An argument was 
taking place — did the beams exist or didn't they? Soon Jones 
realized that nobody in the room knew as much about the mat¬ 
ter as he did. Suddenly Churchill snapped a question at him, 
and feeling he couldn't answer it out of context Jones said, 
"Would it help, sir, if I told you the story right from the start?” 
Churchill seemed somewhat taken aback but then replied, 
“Well yes, it would.” 

For the next 20 minutes Jones outlined his evidence. As he 
later recalled ”. .although I was not conscious of my calmness 
a t the time, the very gravity of the situation somehow seemed 
to generate the steady nerve for which it called. Although 1 was 
only 28, and everyone else around the table much my senior 
in every conventional way, the threat of the beams was too seri¬ 
ous for our response to be spoilt by nervousness on my part." 

When he had finished, an air of incredulity filled the room. 
Sir Henry Tizard demanded to know why the Germans should 
use a beam anyway, assuming such a thing was possible. Our 
own pilots found their targets very well by astro-navigation. 
(They didn’t! Author.) Others round the table seemed doubt¬ 
ful. But Churchill was convinced and asked Jones what 
should be done. 

7 told him that the first thing was to confirm their existence 
by discovering and flying along the beams for ourselves, and 
that we could develop a variety of countermeasures ranging 
from putting a false cross-beam for making the Germans drop 
their bombs early, to using forms of jamming ranging from 
crude to subtle." 

With a typical "Let this be done at once!” Churchill then 
turned round and tore a strip off the Air Ministry fortheir tardi¬ 
ness. 

And expert amateurs 

Elated at having convinced the Prime Minister, Jones 
dashed away to attend a conference in the office of the Direc¬ 
tor of Signals, Air Commodore Nutting, to discuss the possi¬ 
bility that the Germans might exploit pulse techniques as 
nagivational aids. T. L. Eckersley was to give evidence. How¬ 
ever, because Eckersley disagreed with Jones’s findings, the 
subject reverted to Knickebein. 

But what about those propagation calculations? Oh, those! 
Eckersley pooh-poohed them; he didn’t believe them himself. 
He was only trying to demonstrate how far the signals might 
go under certain conditions. He thought he had been stretch¬ 
ing theory too far, and doubted if signals in the 30-MHz band 
would curve round the earth. 

The Ansons had failed to detect the beams during their 
previous flights and another one was due that evening. In 
order to cancel it the Principal Deputy-Director of Signals, 
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$135 
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15 Day Money Back Guarantee 
2 Year Warranty 
WRITE FOR FREE CATALOG 
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"77ie Maqazine For Antenna Experimenters" 
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•Need an inexpensive beam tor 10 meters? 
•Unsure about using vert vs horiz antenna? 
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•Just want to learn more about antennas? 

THEN SUBSCRIBE TO - antenneX • 
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USA and possessions $17.00 foreign. 
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ASSEMBLED ft TESTED 
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The principle of the operating reflectors. 

Group Captain 0. G. Lywood, picked up the phone saying, 
"Well, we have here the greatest expert on radio propagation 
in the country and he says the beam theory is all wrong. We’ve 
wasted a lot of time and let's not waste any more. This even¬ 
ing's flight should be canceled!” But Dr. Jones stood his 
ground. Pointing out that Eckersley’s evidence had neutral¬ 
ized itself because he had said one thing a few months before 
and now said something quite different, and that enough evi¬ 
dence already existed to convince him, he demanded that 
Eckersley’s statement should be ignored. He also told Lywood 
that if the flight was cancelled he would “jolly well let the Prime 
Minister know who had countermanded his orders." Lywood 
backed down. 

From the Chair, Air Commodore Nutting demanded: "And 
what do we do if we find the beams?" Quietly Jones wh ispered 
to Rowley Scott-Farnie, “Go out and get tight!” 

Black night and bright dawn 

Dr. Jones went home to spend one of the most miserable 
nights of his life. "Had I, after all, made a fool of myself and mis¬ 
behaved so spectacularly in front of the Prime Minister? Had 
I jumped to false conclusions? Had I fallen fora great hoax by 
the Germans? Above all, had I arrogantly wasted an hour of 
the Prime Minister's time when Britain was about to be invaded 
or obliterated from the air?" 

It was a beautiful summer's night — the shortest night of a 
terrible year for Britain — when Flight-Lieutenant Button and 
Corporal Mackie climbed aboard their Anson and flew over 
the area between Huntingdon and Lincoln. Neither had been 
told the Knickebein story, but merely to search for beams with 
Lorenz characteristics. Suddenly on the Hallicrafters receiver 
they heard signals on 31.5 MHz. Dots! 

The aircraft swung to the north. Still dots. Then a continu¬ 
ous note, and later, as expected, a zone of dashes. When the 
dashes ceased, Button and Mackie began intently to plot the 
beam. The following afternoon Button’s report was on Jones's 
desk: 

1. There is a narrow beam (approximately 400 to 500 yards 
wide) passing through a position 1 mile south of Spalding, 



The principle of the Lorenz beam system. 


FIGURE 3 



having dots to the south and dashes to the north, on a bear¬ 
ing of 104°(284°T). 

2. The carrier frequency of the transmissions on the night of 
21/22 June was 31.5 mc/s, modulated at 1150 cycles and simi¬ 
lar to Lorenz characteristics. 

3. There is a second beam having similar characteristics but 
with dots to the north and dashes to the south synchronized 
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DOT-ZONE 


C) 


APPROACHING THE 
E0UIS1GNAL 


DASH-ZONE 


The target approach indication with the Knickebein system. (A) 
Pulse rectifying circuit. (B) Pulse rate timing — distances in meters, 
tones in hertz (for approach on flightpath). (C) Pulse rectification 
and waveforms, tone-modulated signal. At rectifying circuit and as 
final pulse. 


with the southern beam, apparently passing through a point 
near Beeston on a bearing lying between 60°+ and less than 
104° 

I n other words the director beam was aimed at Derby where 
the Rolls Royce factory produced engines for the RAF — as 
Jones had suspected. The impact of Button’s report on the 
meeting that afternoon may well be imagined. Jubilation was 
in the air. Even "Daddy” Nutting was skipping round the room 
in delight. All doubts were now dispelled and countermeas¬ 
ures could go ahead urgently. 

I n the midst of the revelry Scott-Farnie buttonholed Jones: 
“Remember what you said yesterday?” 

So they bowled across to a pub to celebrate. 


The Lorenz System 

In 1932, Dr. E. Kramar of the German Lorenz Company 
began to develop a high-frequency blind landing system 
on pre-set frequencies between 30 and 33.5 MHz, continu¬ 
ous wave modulated at 1150 Hz. The beacon transmitter 
and its associated antenna system stood at the end of a 
runway and had a range of 3 to 5 km (sometimes more 
depending on conditions) even though the transmitter 
developed 500 watts. The output was fed to a single dipole, 
to the left and right of which and at a quarter-wave spacing 
was a single reflector cut at its center point. A relay was 
used to alternately close and open the reflector, as shown 
in Figure 1, whereupon a beam was generated at an angle 
left and right of the driven element composed of dots to 
one side and dashes to the other (see Figure 2). These 
alternating beams partially overlapped each other centrally 
to give a narrow zone of about 3° angle in which the dots 
and dashes were heard as a single note, telling the pilot 
he was on the correct approach (see Figure 3 and 4). A 
simple presentation unit was also provided in the cockpit 
which showed the course deviation on a meter; a form of 
range measurement was furnished by an S-meter arrange¬ 
ment. 

Two additional transmitters were employed to aid landing 
(Figure 5). At a point 3 km before the runway was an early- 
approach system on 38 M Hz with a power of 5 watts, but hav¬ 
ing a slower keying rate and a lower modulation note. The sec¬ 
ond system was comprised of a transmitter at 300 meters 
before the runway, with a higher key rate and modulation tone. 
Both these systems operated a lamp on the presentation unit 
to give further visual indication. 

The accompanying aircraft receiver was known as the EB 
1 (Blind Landing Receiver 1), which was developed from the 
earlier EBE receiver. The system was made available to 
Lufthansa in 1934 and the aircraft were fitted with vertical rod 
antennas, usually quarter-wave whips. Later, the Luftwaffe 
produced a specification for what was to be called the Blind 
Landing System FuB 1, and which required two separate 
receivers —the EB 1 for signals in the range 30 to 33.3 MHz, 
and the EBL2for38 MHz. All multi-engined aircraft of the Luft¬ 
waffe were fitted with these up to 1941. 

As war seemed inevitable, Dr. Lohmann of Telefunken devel¬ 
oped a much larger system which was called FuS An 721 in 
1938. This was an antenna array of metal girders 30 meters 
high and 90 meters long which revolved on a circular iron 
track. In the middle was a 50-watt transmitter for 30 to 33.3 
MHz. The framework supported 16 vertical wire dipoles and 
reflectors and was arranged as an angle of 165° (looking 
down on the array), so that eight two-element antennas were 
in each leg of the framework. From this “broken neck” appear¬ 
ance, geknickten in German, came the code name Knicke¬ 
bein. 

Details of the transmitters and receivers used are, unfor¬ 
tunately, no longer in existence. However, the antenna lobes 
were similar to those shown in Figure 6, except that the nar¬ 
row equisignal zone was +0.3° wide and the keying of the 
dash/dot system had a ratio of 1:7. The improved receiver, 
another mark of the EB 1 known as the Fu Bl 1, could receive 
the beam at a range of 500 km and a height of 6500 meters. 
The principle was that the main beam was directed at a tar- 
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This is an Amateur 
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That’s right, they are exactly the same. Your technician or higher class 
amateur radio license gives you the right to own and operate your own 

amateur television station. 


Inexpensive... 

The video camera or cam¬ 
corder you bought is the 
most expensive part of a fast 
scan television system. The 
AEA Model FSTV-430 is 
the only transceiver you 
need. Connect the camera, a 
430 MU/, antenna, (an 
amplifier if you want 
stronger signals) and you're 
on the air. 


It’s Easy.... 


And Fun.... 
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I f you can operate a 
video camera, you can 
operate the new AEA Model 
FSTV-430. The FSTV-430 
transceiver connects to the 
video output of your camera 
ind transmits and receives 
live or taped video. You can 
iven use two cameras for 
studio-like operation from 
your shack. 


Fast Scan 
Television w ith the 
tew FSTV-430 
from AEA gives 
you live, color 
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quality. In fact, the 
AEA Vestigial 
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technique is similar 
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broadcasters. 


Think about it. You can 
share more than just conver¬ 
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friends. Show your friends 
the new transceiver you 
bought, that special antenna 
project you're working on, 
or just chew the fat. 


AEA Retail $499.95 
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For more information on 
the FSTV-430 and other 
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Applications,Inc. 
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206-775-7373 
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here is the next generation Repeater 

2 meters - 220 - 440 


MARK 4CR 




No other repeaters or controllers match 
Mark 4 in capability and features. That’s 
why Mark 4 is the performance leader at 
amateur and commercial repeater sites 
around the world. Only Mark 4 gives you 
Message MasterrM real speech • voice 
readout of received signal strength, 
deviation, and frequency error • 4- 
channel receiver voting • clock time 
announcements and function control • 7- 
helical filter receiver • extensive phone 
patch functions. Unlike others, Mark 4 
even includes power supply and a 
handsome cabinet. 

Call or write for specifications on the 
repeater, controller, and receiver winners. 




The only repeaters and controllers 
with REAL SPEECH! 


Create messages just by talking. Speak any phrases or 
words in any languages or dialect and your own voice 
is stored instantly in solid-state memory. Perfect for 
emergency warnings, club news bulletins, and DX 
alerts. Create unique ID and tail messages, and the 
ultimate in a real speech user mailbox — only with a 
Mark 4. 


MICRO CONTROL SPECIALTIES 


Division of Kendecom Inc. 

23 Elm Park, Groveland, MA 01834 (508) 372-3442 



TELEX 4932256 Kendecom 
FAX 508-373-7304 



The ARRL 

Experimenters' Exchange and 
AMSAT Satellite Journal 

OEX is a no-nonsense Amateur Radio 
magazine that will provide you with 
a monthly supply of useful technical 
information. As an exchange, it is 
written by and tor serious experimenters. 

Feature articles cover a wide variety 
of subjects such as VHF-microwave, 
analog and digital design, software, 
space experiments, propagation re¬ 
search, construction projects and so 
forth. Articles are presented in the same 
language used by experimenters. 

Because OEX is an exchange, regular 
reader input and participation is 
welcomed; here's your chance to make 
your contribution. If you’re an active 
experimenter working close to the state 
of the art and want to "network" with 
others, you need OEX and OEX needs 
you. 

Monthly. For 12 issues to ARRL 
members: US, $10; Canada and 
Mexico by first class mail $18; Else¬ 
where by airmail $38. Non-members 
add $10 to these rates. 


THE AMERICAN RADIO RELAY LEAGUE 
225 MAIN ST 
NEWINGTON. CT 06111 


New from 
AOR 


2000 Channels 
5MHz to 2000MHz 


KjBtKi 3215 : 

j j’*' ~ 


B&KgZEU Hi 


—AR2515 

. 

in AM/FM/Wide FM mode* 

Continuous coverage ar2*is sp»*« Available 

Channel Mem r. / 

1984 S <tn f'r*‘ ju**mn 

Ua/V/ 

• 

merits per second 

• Built in RS 23? computer interface 

• 

Satisfied 

•Size T 'Hx‘ -W* f .*D Wt 2lb 10 OX 
• Supplied with AC & DC power cords telescopic 
antenna 


$ 695 


COMMUNICATIONS 

10707 E 106th St. Indpla., IN 46256 

■ip Toll Free 800-445-7717 

' 

In Indiana 317 849 >570Collect TAX (317)849 8794 


LOGWRITE 


Bring you* Malum Into Ihe lomputer age with LOGWRITE. 
the menu driven, user I nr milt lugging program wtitien h» Ed 
Tru* iNOJV) LOGWRITE ■ ihe perfect acccaaurv for live 
complete ham nation ll timpliftr* your operation and give* 
you live competitive edge m rrmieslMg and PX mg LOGWRITE 
work* with all IBM ft » and *umpalihk* 

LOG WRITE* unique vphr uieen feature allow* lor ttmul 
laneoui logging and ten pnxnung t oggmg learurea include 

Instant call sign or prefix search 
Print Edit, or View records 
Plenty of room for notes & addresses 
Automatic time/date stamping 

Ini prnceM.n leal met automat* word wrap. Iwkipmr ct»i 
reel, and tcrnlling Throw awa> your pen and paperl 

To nnler your copy <>1 LOGWRITE. ounpleir »nh inalruriam 
manual, tend 124 iPa ret idem* add SI Mi talei tan in 

Airmpacc ( oriMillmi: 

P.O. Box 536. Hui'kinghiim. PA UNI 2 
(215) 345-7184 

• h call I |«MHV| 14' 41V* e*i '4 lo order with Vita Maaier 
i aid iPteaae tpectfy 1 5 or 5 25 imh floppv • 

























FIGURE 5 



get, and the pilot knew he was on course when acontinuous 
note appeared in the receiver. If he strayed to the left, a prepon¬ 
derance of dots was heard; a swerve to the right produced 
dashes. 

By 1940, ten smaller versions of Knickebein had been built 
which required only a circular track of 45 meters in diameter. 
Each leg of the angled frame contained only four sets of ver¬ 
tical two-element arrays, which were broadbanded to tune 
between 30 and 33.3 MHz by construction from wide- 
diameter tubing. The range was almost the same in practice 
as the large Knickebein, although the main beam width was 
wider at ±0.6° 

As already mentioned, when in use the main beam was 
directed at the target, and at a predetermined point some dis¬ 
tance before the target was reached it was overlapped by a 
second beam on a different frequency. This told the pilot his 
distance in kilometers from his objective. Figure 6 shows the 
method in more detail. 

Although no details remain of the receivers used, it is known 
that they were t.r.f types and, as will be seen later, very suscep¬ 
tible to jamming. For this reason a Dr. W. Kloepfer of Lorenz 
developed a superhet, the EBL3 H, which needed only slight 
preparation as it used the same p.s.u. as its predecessor and 
fitted the same cabinet. This was tunable over a number of 
channels from 1 to 34 in the spectrum 30 to 33.3 MHz, and 
could receive the Knickebein transmissions at the same 
height and range as the earlier model. 


Pulling the Crooked Leg 

A special unit was set up to counter the beams (which were 
code named Headaches) under the command of Wing Com¬ 
mander E. B. Addison of No. 80 Wing at Radlett. The techni¬ 
cal design of the countermeasures was the responsibility of 
Dr. Robert Cockburn of the Telecommunications Research 
Establishment at Worth Matravers. Both organizations were 
accorded the highest priority. 

Receivers were placed on top of the masts of certain sta¬ 
tions of the Chain Home RDF (radar) system, and the unlucky 
operators in these dizzy crow’s-nests were connected by tel¬ 
ephone with Fighter Command Headquarters at Bentley Pri¬ 
ory. 

Professor Jones records how he, too, spent a night on top 
of one of these towers — listening to the signals which Eck- 
ersley had said could not be heard even by a bomber at 
20,000 feet over England. ‘When about dusk the German 
beams were switched on, the men in the towers would be able 
to pick them up and let us know, for instance, if a beam was 
going between tower A' and tower B! That would give us a 
clue to the beam's position, and one of our chaps would go 
up in an Anson and fly back and forth until he picked up the 
beam, which could then be plotted." 

The f irst jammers were diathermy sets used by hospitals to 
cauterize wounds. These were requisitioned and tuned to the 
Knickebein frequencies. Although they only emitted a mush 
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HAM STATION 


P.0. Box 6522 
220 N. Fulton Ave. 
Evansville, IN 47719-0522 

Store Hours 
MON-FRI: 9AM • 6PM 
SAT: 9AM - 3PM 
CENTRAL TIME 

SEND A SELF ADDRESSED STAMPED 
(SO*) ENVELOPE (SASE) FOR NEW AND 
USED EQUIPMENT SHEETS. 

WARRANTY SERVICE CENTER FOR: 
ICOM. YAESU. TEN-TEC 

FOR SERVICE INFORMATION CALL 
(812)422-0252 
FAX 812 465-4449 
MONDAY - FRIDAY 
9:00 AM 12-00 NOON 


TERMS: 

Prices Do Not Include Shipping 
Price and Availability Subject to 
Change Without Notice 
Most Orders Shipped The Same Oay 
COD'S Welcome {S3 SO + shipping) 



FT 747GX 

• 100 Watts ot Economical 
Performance 

• Dual VFO's, 20 Memories 

• Receives from 100 kHz 30 MHz 

• Bulll-ln CW Filter + More 




FT 470 

COMPACT 2M/70CM 
DUAL BAND FM 

• Simultaneous Reception 
on Both Bands 

• Up to 5 Watts Output 

• 21 Memories on Each Band 

• Built-in 10 Memory DTMF 
Auto Diale' 

• Built in CTCSS 
PLUS MORE' 


U Kantronics 
•• -p F 

KAM 

• Packet, WEFAX, ASCII, AMTOR. 
RTTY, CW 

• Simultaneous Operation on HF 
and VHF 


1C 32AT 

• New,Dual Band HT 

• RX-138-174 MHz 

440-450 MHz 

• TX-140-150 MHz 

440-450 MHz 

• 5 Watts Output on Both Bands 

• Full Duplex & 20 Memories 



IC-228A 

• 25 Watt. 2 Meier FM Mobile 

• RCV 138-174 MHz 

• TX 140-150 Mhz 

• 20 Memories 


tot 


OMNI V 

• New U/LSB, QSK. CW. FSK HF Rig 

• Dual VFO's, 100 W Output 

• Allbands 160-10 

• Superior Phase Noise 

• Made in USA 


ifconcept/ 


VHF/UHF 

AMPS 




• High VSWR and 
Overdrive Protection 

• 5 Year Warranty, 6 Months on RF 
Transistors 

• All Units have GaAsFET Receive 
Pre-amps 


ti 


DR-110T 

NEW 2 Meter Mobile 

• 45 Watts Output 

• 14 Memories with Standard 
Encode/Decode Subaudible Tones 

• CAP and MARS Modifiable 





Orders and Price Checks Call 800 - 523-7731 Call 1-812-422-0231 


MFJ-1278 

• Multi Mod? Data Controller 

• Packet, RTTY. ASCII, CW WEFAX 

SSTV Contest Memory Keyer 


Indiana and Information 


NEMAL ELECTRONICS 


•Complete Cable Assembly facilities M11 -STD-1520k 

•Commercial Accounts welcome- Quantify pricing • Same day shipping most orders 
•Factory authorized distributor for Alpha, Amphenol, Belden, Kings, Times Fiber 


Call NEMAL for computer cable, CATV cable, Mat cable, semi-rigid cable, telephone cable, 
crimping tools D-sub connectors heal shrink, cable lies high soilage connectors. 

HARDLINE 50 OHM CONNECTORS-MADE IN USA 

FXA12 1/7 Aluminum Black Jackal 89711 NE720 Typa N plug tor Baidan 9913 »395 

FLC12 1/7 Cablawava con coppai bik fkt 1 69 /It NE723 Typa N lack tor Baidan 9013 ...,4,95 

FLC76 Z/8* Cablawava con coppai blk /kt * 2581 pt 259AM Amphanol PL259 69 

NM12CC N conn 1/7 con coppat m/1 25 00 pusgys PI 259 tallon Ina/sdvar platad . 1 59 

NM7BCC N conn 7/tT con coppai m/1 . 54 00 pu58AM Amphanol female tamala Ibanal) . I 65 

„ UG175/UG176 raducai tor RG 58/59 (specify) .22 

COAXIAL CABLES Ipat HI UG21DS N plug tor RG8.2I32U Sikm 335 

1180 BELDEN 9913 vary low lots . 55 ijqiUB N jack to PL259 adaptai, tallon 850 

1102 F1G8/U 95% shield low lots loam Itga 36 SO230 to N plug adaptor, tallon 6 5O 


1110 RG8X 95% shield (mini 8) . 17 1X5255 S 0239 to BNC plug adaptor, Amphanol J 79 

trao RG213/U 95% shield mil spec NCV /« . 39 S023^M UHF chauls ml racaptacta,Amphenol 89 

1UO RC.2U/U dbl silver Ihld mil spec . ’ 65 UGBSC gNC p, u9 HG58 223 142 1 4! 

1705 FIGU2BAJ dbl silver shld. tallon ins .I 50 

1310 RG217/U 50 oTvn 5 OOO wall dbl shld 98 GROUND STRAP-GROUND WIRE per 8 

1450 RGIZ4/U 50 ohm 10CT od mil spec . '4 G S38 3/tT tinned copper braid . 40 

GS12 1/7 bnnad copper braid . 50 

ROTOR CABLE -8 CONDUCTOR GS200 11/7 heavy tinned coppai braid . 2 00 

SC 1822 2 18ga and 8-22ga . 25 RW08 6ga insulated sbandad wire . 39 

BC1820 2-16ga and 620ga . 39 AW>4 Uga stranded Arkema wire CCS 14 


GS 12 1/7 bnnad copper braid . 50 

ROTOR CABLE -8 CONDUCTOR GS 200 1-1/7 heavy tinned coppai braid . 2 00 

SC 1822 2 rage and 8-22ga ... 25 RW08 age Insulated sbandad wire .. 39 

BC1820 2-10ga and 620ga ... 39 AW>4 Uga sbandad Arkema wire CCS 14 

Prices do nol inrludr sliippiiiK. S3 minimum. VisalMastercard S3(l min. COD mill S3.IHI 

Call or write tor complete price Irsl NamaJ s new SO page CABLE AND CONNECTOR SELECTION GUIDE is available 
at no charge with orders ot 150 or more, or at a cost ot *4 with credit against nasi qualifying order 


NEMAL ELECTRONICS, INC. 12248 NE 14th Ave. N. Miami, EL 33161 
(305) 893-3924 Telex 697S377 24hr EAX (305)895-8178 


—HI-PERFORMANCE DIPOLES- 


Anl|M»n«t 1*141 Will*' LuMi*" aitartiMad lb you' 1*411*1 *» Wml advil* *tl at 

■ »"llii mil eeihrml bang at-netMAd V brwi/nnui ran 'Ft*** ak^xng UipoHv 
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P*«vwial lhat.a MO«COD iW. 

MPD 5" 80 40 20 IS 10*1 mat pailotmactcadipol* 87 long ttOSppd 

MPD J 80 40M mat paefo'manca dipol* IS long M2 *5 Sb4 ppd 

MPD J* 180 80 40M hi paeformanc* dipo4a 11J long S78ppd 

SSO 8* 180 80 40 20 IS I0M tpaca aarai dipol* ft' long |12Sppd 

MOV 80 40 20 IS I0M apac* ta«**dipoi* ipaclfv l 42 ttOS S2 H08ppd 

&S0 4* 80 40 20 ISM apac* dlpota tpaoly l 44 la) M * 84ppd 

*8 litntfi ailh veida matching «ang# lunar 

SASE >cx catalogue ol 10 dipolaa tiopart and apaca taring uonju# anlannaa 

an mi .... W9INN ANI INNAS 

317-394-3414 BOX 39] MI PROSPECT, II 60036 


1989 U.S. CALL DIRECTORY 

(on microliche) 

Call Duectory • by callsign $8 

Name Index - by Iasi name SB 

Geographic Index - by stale/cily $8 

All thiee $20 
S3 shipping per ordei 
BUCKMASTER PUBLISHING 
Route 3, Box 56 
Mineral, Virginia 23117 
703/894-5777 vlsa/mc 800/282-5628 
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of signals, it was thought that they had some effect on the 
beams Installed mainly in police stations, they were switched 
on when ordered by No. 80 Wing. 

Fortunately we had acquired the Lorenz license before the 
war, so Lorenz transmitters were modified and strategically 
placed, as were 'Meacons," or mock beacons. The Luftwaffe, 
with more than 80 radio beacons at their disposal in Germany 
and occupied Europe, began to find radio navigation an ever- 
increasing problem. But it was Cockburn’s lammers (code 
named Aspirins) that were most effective. Immensely power¬ 
ful, they flooded the beams with dashes and the German 
pilots, flying into their own dash zones, would steer to find the 
equisignal only to find Cockburn's dashes. They would con¬ 
tinue turning until they found a dot zone (and Cockburn's 
dashes), which often synchronized into a false equisignal 
note. After they found themselves flying round in circles dur¬ 
ing bombing raids for a few weeks, they came to realize that 
we had found and jammed their system. We had, in fact, 
'pulled the crooked leg." An additional bonus lay in the fact 
that it was several months before the German pilots had the 
courage to tell Goermg that Kmckebem was useless. 

Had the system worked successfully, a number of bombers 
could have put bombs every 17 meters into a selected target 
As it was, our cities suffered severe mauling from the Luftwaffe. 
Who knows how much worse the loss of life and property 
would have been but for the efforts of a young physicist who 
refused to bel ieve the experts, and courageously challenged 
his superiors. 

Today one wonders how many Londoners and citizens of 
our other major cities have heard of Professor R V. Jones. QJ 


Reprinted win permission itom Practical W.retess PW Publishing Ltd January 1988 Ed 



SMILE! YOU'RE ON TV 

Only 
$299 

Designed and 
built in the USA 
Value + Quality 
from over 25years | 
in ATV W60RG 

With our all in one box TC70-1 70cm ATV Trans¬ 
ceiver you can easily transmit and receive live action 
color and sound video just like broadcast TV. Use 
any home TV camera or VCR by plugging the com¬ 
posite video and audio into the front VHS 10 pin or 
rear phono jacks. Add 70cm antenna, coax, 13 .8Vdc 
and TV set and you are on the air...it's that easy! 

TC70-1 has >1 watt p.e.p. with one xtal on 439.25, 434.0 
or 426.25 MHz, runs on 12-14 Vdc @ ,5A, and hot GaAsfet 
downconverter tunes whole 420-450 MHz band down to 
ch3. Shielded cabinet only 7x7x2.5". Transmitters sold 
only to licensed amateurs, for legal purposes, verified in the 
latest Callbook or with copy of license sent with order. 

Call or write now for our complete ATV catalog 
including downconverters, transceivers, linear 
amps, and a ntennas for the 70, 33, & 23cm bands. 

Visa, MC, COD 


(818) 447-4565 m-l8am-5:30pm psl. 

P.C. ELECTRONICS 

2522 Paxson Ln Arcadia CA 91006 


Tom (W60RG) 
Maryann (WB6YSS) 
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1.2M-1.5M PARABOLIC DISH FEED DOWN CONVERTER to 2 Meters 

■ RCP. LCP. or Linear Polarization 

■ LNA-NF 1 SdB. G 22dB 

■ Preselector Filter - 
Machined 4-Pole Combiine 

■ Microstrip Mixer on high dielectric 
alumina 

■ Local Oscillator - Heater 
Stabilized, - 2ppm for CW SSB 

■ Down Converter mounted in feed 
assembly for optimum 
performance 

Frequencies available 1 296-1691 GOES WX-2 304-2 40 OSCAR Mode-S - 3 456GHz 

■ Feed Down Converter Assemblies are interchangeable in common feed mount 

■ 1 2 Meter or 1 S Meter Spun Aluminum Dish has mtg hardware for 15' mast 

■ Feed Antenna has ♦ SdBiC Gain, selectable polarization 


_ PRODUCT PRICE LIST _ 

RCP LCP Feed Assembly, Type N connectors Model WCFA-(freq) 

Linear Polarized Feed Assembly. Type N Conn Model WLFA(freq) 

(Specify frequency i 296. 1 691 2 304 2 400 3 456GHz) 

1 2 Meter Spun Aluminum Dish with mtg hardware WUDA-1 2M 
1 5 Meter Spun Aluminum Dish with mtg hardware WUDA-1 5M 
LNA - 2 stage GaAsFET. NF 1 SdB. G 22dB SMA Coon WLNA (freq) 

(Specify frequency 1.2. 1 69. 235. 3 456GHz) 

Preselector Bandpass Filter Machined 4-Pole Combiine. SMA conn 

(Specify frequency 1 296. i 691.2 3 2 4.3 4S6GHz) 

Model WMCF(freq) 85 00 


Microstrip Mixer -Thick Film, Machined Housing WHMM-(lreq) 45.00 

Local Oscillator - Heater Stabilized, Thick Film.WHLO (freq) 325.00 

(Specify frequency 1 151. 1 5535.2 159.2.255. 3311. or any spot F 0 ) 
Complete Feed Down Converter to 2 Meters Model WFDC (freq) 675.00 

(Specify frequency feed type) (Other IFs avail. GOES-137 5MHz) 

Complete Dish Feed Down Converter Assembly 

1 2 Meter Dish. Model WDDC-1 2-(froq) 955 00 

1 5 Meter Dish, Model WDDC-1 5-(freq) 1055 00 


All Products Shipped UPS except Parabolic Dish shipped by Truck - Freight Collect 

Wilmanco 

leWSBUSINISSCINTIROR -NORTHRim .1 CA9IU4 U.S.A 
nil Will w» M1K m iwu’* IW tfllBtWMJB 


$185 00 
135 00 


295 00 
395 00 
265 00 



^ 127 







LINEAR TUNING 

WITH A WAR SURPLUS 
CAPACITOR 


Precision dials 
based on 

frequency measurements 

By John Pivnichny, N2DCH, 3824 Pembrooke 
Lane, Vestal, New York 13850 


M odern commercial transceivers have linear tuning 
scales. Whether these scales are analog or digital, 
each revolution of the main tuning knob covers 
a fixed number of kilohertz across the tuning range. Linear 
analog tuning is done with specially designed capacitors that 
aren't available to Amateur transceiver builders. I think a first- 
class homebrew design should have this capability, and this 
article explains how to add it inexpensively. 

Capacitor fundamentals 

Consider a variable capacitor constructed as shown in Fig¬ 
ure 1 A. Capacitance change is made by a horizontal move¬ 
ment rather than a rotary motion. As the movable plate slides 
to the right by an amount X, the capacitance at the terminals 
(C) decreases an amount AC from its value C 0 , which is pres¬ 
ent when the movable plate is at its left-most position (fully 
meshed). 

In equation form: 

C = C 0 - AC (1) 

or C=C 0 - kX (2) 

The constant k represents the change in capacitance per unit 
movement in X. Equation 1 is plotted in Figure 2A and: 

t = f < 3 > 

The amount of change depends upon the size of the plates 
and the spacing. But because the movable plate has straight 
sides, the valueofk is fixed across the whole tuning range. This 



Capacitor plates are moved laterally to produce a change in 
capacitance. A and B are discussed in the text to show effect on 
capacitance with plate movement. 


is linear capacitance and it’s well known that it won't produce 
linear tuning. The high frequencies will be compressed at the 
right edge of the dial. 

Obviously the capacitance is changing too quickly at the 
high-frequency end of the dial. Figure IB shows an improve¬ 
ment. The rectangular movable plate has been replaced by 
a triangle of height h and base b. The terminal capacitance 
now depends upon the area of the meshed triangle. The tri¬ 
angle’s base and the height change with horizontal motion X. 
In equation form: 

C = 1/2 (b - X) (h - -y X) (4) 

C = 1/2 (bh - 2hX + -j- X2) (5) 

Equation 5 (plotted in Figure 2B) shows that the capaci¬ 
tance changes more slowly at the high-frequency end of the 
dial, due to the parabolic shape represented by Equation 5. 
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COMPUTER 

SOFTWARE 


LOW BAND DX-ING COMPUTER 
PROGRAMS 

by John Oevoldere. ON4UN - 30 programs lor 
Apple II. MS-DOS. Commodore C-128 and 
Kaypro CPM Computers 

Just about every interest or need is coveted-lrom antenna de 
sign and optimization to general operating programs Antenna pro 
grams include stiunt and series input L network design leedline 
transformer stiunt network design. SWR cafcutallon plus 11 more 1 
General Ham programs include sunrise/sunset, great circle dis¬ 
tances graytine. vertical antenna design progiam sunrise calen 
dar plus 9 more' 1986 

UN-Apple II $39 95 

UN-MS (MS DOS) S39 95 

UN-CPM/Kaypro $39.95 

UN C 128 (COMMODORE C128) $39.95 

UN-MAC (MACINTOSH) $49.95 

( UN-C64 (COMMODORE C64) $39.95 

N6RJ S ELECTRONIC SECOND OP 
for MS-DOS computers, V1.01 
by Jim Ratlerty N6RJ 

The world famous SECOND OP is now available in a state of me 
art computerized data base This program written for MS DOS 
computers, is a must for DX'ers. conlesters and aM Amateurs 
interested in reliable DX communication Data can be displayed 
either in columnar format or in full screen displays Unknown call 
signs can be entered and compared to the ITU callsign allocation 
lor easy identification There’s plenty more loo such as postal 
rates, beam headings and QSL bureaus to name |ust a tew Great 
program to have in your shack Order your s today 1968 
MS OOS computers 5V» and 3V» versions available 
Please specify on your order 

[ CB-RJ (MS-DOS Computers) $59.95 


By 

Chip Lohman 
NN4U 
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MASTER LOG New Version 

Master Log creates a Me ot 2100 indtvrdual records with up to 
13 different entries per record It can do a search and select based 
upon time, freouency. mode and keeps track of DXCC and WAS 
status, prints QSL labels and can search its whole file in less than 
5 seconds' Complete documentation is included to help you learn 
and use this truefy state of the art logging program 1988 
HD ML (For C-64) S28 95 

SUPER LOG 

Super log gives you alt the advantages ol a computerized data 
base without significantly changing die UadbonaJ log lormal Super 
Log also allows you to punt out either selected contents Of the 
whole log Will print DSLs 

HD SL (For C-64J $19.95 

CONTEST LOG 

This disk contains tool different contest programs. ARRL Sweep 
stakes field Day. Universal WW Contest log, plus a dupe check 
ing routine Automatically enleis dale, time band and serial number 
lot each conlact When the contest is over the progiam will print 
your results ksting all duped and scored contacts in serial sequence 
with all the necessary intoimalion as wel as completed score at 
the bottom ol the page 

ClHD CL (For C-64) $24.95 

DX EDGE MS-DOS AND C-64 software 

Particularly helpful in determining long palh and grey kne open 
mgs Suoei Iasi speed and dazzling giaphics make Hws piogram 
a treat 10 use The MS DOS version also indudes a dose up (zoom) 
lealuie for detailed damnation, a MUF calculator and a gieat ot 
de Oeai'iig routine All call sign pictures and coutry names are 
butt into the data base toi easy pinpointing ot locations MS DOS 
version also cokx compatible Requires 2 disk doves. 348k ot mem 
oty Hercules CGA or EGA graphics and DOS 2 T oi later 
XN-DOS (IBM or compatible computers) $34.95 
XN-C64 (C 64 computer) $34.95 

XN-DX (slide rule version) $22.95 

HAM RADIO’S 
BOOKSTORE 

Please enclose $3.75 shipping and handling. 

Greenville, NH 03048 
(603) 878-1441 


DWnfehfen the 

father changes 

With a Hy-Gain VHF or UHF DX antenna, you don't worry when It rains or storms 
in the middle of a contest. Because the antenna stays tuned in the center ol 
the band, without drifting, thanks to heavy-duty element insulators and to a 
weatherproof, encapsulated type N feedpoint connector. 

These exceptionally rugged antennas are constructed with a virtually unbreakable 
boom, come with stainless steel hardware and withstand windloads up to 90 mph. 
If you think that's too good to be true, rest assured because we support each 
antenna with a two-year limited warranty. 

For worry-free DX-ing, choose the 31 element 7031-DX for 420-438 MHz, or the 
15 element 215-DX tor 144-146 MHz. For a complete catalog with detailed specs 
on these and all our other amateur products, please write to Telex/Hy-Gain, 
RF Communications Dept., 9600 Aldrich Avenue South, Minneapolis, MN 55420. 



Mechenlce) 

7031-DX 

215-OX 

Numbe' of Elements 

31 

15 

Element Diameter 

3/16 in (4 8 mm) 

3/16 m (4 8 mm) 

Element Lengths 

10W-13% in (267-352 mm) 

34» „ 39* m (878-1010 mm) 

Boom Diameters 

1-1 Va in (25-32 mm) 

1-1 Va in (25-32 mm) 

Boom Length 

288*« in (24 06 M ) (7 33 m) 

334Vi in <27 88 ft.) (8 5 m) 

Turning Radius (max) 

127" (3 8 m) 

14 1VT (4 3 ml 

Wind Area 

1 9 sq fl (0 18 sq m) 

2 75 sq ft ( 256 sq m) 

Wind Survival 

90 mph (155 km/hr) 

90 mph (155 km/hr) 

Weight (net) 

9 25 ibs (4 2 kg) 

13 56 Ibs (6 15 kg) 

Boom Support 

7/8. 5/8 in tubular (22. 16 mm) 

7/8, 5/8 in tubular (22. 16 mm) 

Mast Size Acceptod 

T Vs-2'/„ in (38-52 mm) 

1 V»-2V,# in (38-52 mm) 

Polarization 

Horizontal 

Horizontal 

Electrical 



Gain 

17 6 dBd at 432 1 MHz 

14 2 dBd at 144 2 MHz 



13 9 dBd at 146 0 MHz 

Beamwidth 

19 degrees (E). 20 degrees (H) 

28 degrees (E). 30 degrees (H) 

Front/Back 

28 dB 

30 dB 

Sidelobe Levels 

-17 dB 

-15 dB (H). -17 dB (E) 

Typical VSWR 

1.2:1 

1 2 1 

Maximum Power 

1 kW ave. 2 kW pep 

1 kW ave 2 kW pep 

Freq Range (useable) 

420-438 MHz 

144 0-146 0 MHz 

Eec Boom Length 

10 42 wavelengths 

4 03 wavelengths 

Connector 

Type N female 

Type N - female 


TELEX COMMUNICATIONS. INC. 


✓ 128 





















FIGURE 2 


FIGURE 3 




Data for rectangular, A, and triangular, B, capacitor plates. 
Capacitance scale is arbitrary. 

Unfortunately, this isn’t exactly the curve necessary for a lin¬ 
ear frequency scale, but now you have the background to get 
there. 

Th ink of the top edge of the movable plate as representing 
an equation with the X axis starting at the right edge and going 
left. This reversal is necessary because frequency increases 
as capacitance decreases. The Y coordinate is given by the 
height of the variable plate at each X coordinate. 

The equations are; 

rectangle: Y = hforO < X < b (6) 

triangle; Y = h - — X for 0 < X < b. (7) 

They are shown in Figure 3A and 3B and represent the plate 
shapes of Figure 1 — except for that of the X axis in its nor¬ 
mal position (i.e., going right). 

Figure 3 gives the slopes (actually the negatives of the 
slopes) of the data plotted in Figure 2. You can get the shape 
of the movable plate for any capacitance equation of Figure 
2 by taking the slope, as shown in Figure 3. 

You want a capacitance equation that produces linear tun¬ 
ing. For a parallel LC-tuned circuit the resonant frequency is 
given by: 


f - \ 

J 2-ksJLC 

(8) 

Solving for C : C --——— 

4tt 2 LP 

0) 


If the frequency increases linearly, the capacitance must 
decrease as the reciprocal of the square of the frequency. 
Suppose you want to cover the 3 to 4-MHz range. This is a 
1:1.333 frequency ratio. Figure 4 shows how the capacitance 



Equations 6 and 7 are plotted in A and B and represent capacitor- 
plate shapes of Figure 1. Shown are the negatives of the slopes 
of the data in Figure 2. 


FIGURE 4 



Required tuning capacitance as a function of frequency. 

must change across the frequency range. Note the shape of 
the curve; the correct one will be the curve corresponding to 
Figure 2 for linear tuning over a 1:1.333 ratio. 

The capacitance curve will be the same for any 1:1.333 tun¬ 
ing ratio. The exact range will be set by inductance L, whether 
it’s 3 to 4 or 6 to 8 MHz. However, another tuning ratio will 
require a different Figure 4 curve. 

This means that you can only build a linear frequency tun¬ 
ing capacitor for one frequency ratio. These types of capaci¬ 
tors are specified by their minimum and maximum 
capacitances and frequency ratios. But you may require a cer¬ 
tain fixed capacitor in parallel with the tuning capacitor to 
achieve the correct curve from Figure 4. It’s possible to design 
a linear frequency capacitor to allow for stray or feedback 
capacitance from the oscillator circuit. 
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SYMBOL OF ENGINEERING INTEGRITY. . QUALITY 
WORKMANSHIP. . RELIABLE LONG-LIFE PERFORMANCE 




1 

*4 

! 


til 

- L3S 


AL-84 

LINEAR 

AMPLIFIER 


The Amerltron AL-84 is an economical amplifier using four 
5MJ6 tubes to develop 400 watts output on CW and 600 
watts PEP on SSB from 160 through 15 meters Drive required 
,5 70 w typical, lOO w max The passive input network 
oresents a low SWR input to the exciter Power input is 900 
watt' The AL-84 is an excellent back-up portable or 
beginner's amplifier 


AL-80A LINEAR AMPLIFIER 

The AL-SOA will provide a signal output that Is within 1/2 "S" unit 
of the signal output ot the most expensive amplifier on the 
market—and at much lower cost. 

The Amerltron AL 80A combines tne economical 3-500Z with a 
heavy duty tank circuit to achieve nearly 70% efficiency from 160 
to 15 meters It has wide frequency coverage for MARS and other 
authorized services Typical drive is 85 watts to give over lOOO watts 
PEP SSB and 850 watts CW RE output A new Pi-l output circuit for 
80 and 160 gives full band coverage and exceptionally smooth 
tuning 

Size 15'/j "D X 14 "W X 8 "H Wgt 52 lbs 


AL-1200 LINEAR AMPLIFIER 

3CX1200 TUBE 

Full legal output with lOO watts drive 

AL-1500 LINEAR AMPLIFIER 

8877 TUBE 

Full legal output with 65 watts drive 

The cooling system In both amplifiers keeps the 
tube safely below the manufacturers ratings even 
when operating at 1500 watts output with a steady 
carrier The filament supply has inrush current limiting 
to insure maximum tube life 

Size 18VD x 17"W x lO’H Wgt 77 lbs 


ATR-15 TUNER 

The Amerltron ATR-15 is a 

1500 watt "T “ network tuner 
that covers 18 through 30 MHz 
in lO dedicated bands Handles 
full legal power on all amateur 
bands above 18 MHz 


Five outputs are selected from a heavy duty antenna switch 
allowing the rapid choice ot three coaxial lines, one single 
terminal feed or a balanced output An internal balun pro¬ 
vides 11 or 41 ratios (user selectable) on the balanced output 
terminals 

A peak reading wattmeter and SWR bridge'S standard in the 
ATR 15 it accurately reads envelope powers up to 2KW 



Size 11V* W x 6 H x 12% D Wgt 24 lbs 


RCS-4 

FOR CONVENIENT 
INSTALLATION 


Size 6 H x 13% W x 16 D Wgt 14 lbs 


Remote COAX Switches 


RCS-8V 
FOR SPECIAL 
APPLICATIONS 


Selects up to five antennas 

Loss at 150 MHz: less than 1 dB 
VSWR: under 1.2 to 1 DC to 250 
MHz 

Impedance: 50 ohms 
Power capability: 5 kW below 
30 MHz 1 kW at 150 MHz 


Selects one of four antennas Loss a * 150 MHz: I 

VSWR: under 11 to 1 from 18 to ’ 

30 MHz H 

Impedance: 50 ohms 
Power capability: 1500 watts V 
average. 2500 watts PEP 
maximum w 

Available at your dealer. Send lor a catalog ol the complete AMERITRON line. 

A^IEiTPS 

2375 Dorr Street • Toledo, OH 43607 

For more information: (601) 323-9715 • Technical inquiries: (419) 531-3024 
















BATTERIES “R” US... 

You’ve bought our replacement batteries before... 

NOW YOU CAN BUY DIRECT FROM US, THE .MANUFACTURER! 


ICOM 

CM2, PB2 7.2v @ 500MAH 
CMS, PB510.8v @ 500MAH 
SUPER 7S A, 8S 
13.2v & 1100MAH 
9.6v @ 1200MAH 
(base charge only -1" longer) 
Introductory Offer! 

SUPER 7S & 8S - $64.95 each 


JUNE SPECIAL! 

ICOM-8(S) Complete 
Battery Pack. 

An additional 10% OFF Special 
introductory offer for all orders 
received in June. 

SPECIAL: CAMCORDER 
BATTERY 

Panasonic's equivalent — 
PB-80 — $40.00. An additional 
10% savings over normal 
pricing. 

Look for JULY special. 


YAESU/MAXON 

* FNB-10 7.2v @ 600MAH 
FNB-12 12v @ 500MAH 

* FNB-10(S) 7.2v@ 1000MAH 

* same size case as FNB-12 

Introductory Offer! 

P4W 11v @ 500MAH - $22 63 
FNB-2 11v @ 500MAH - $22 63 


CUSTOM MADE BATTERY 
PACKS & INSERTS 

Made to your specifications 
Introductory Offer! 
KENWOOD INSERTS 

PB-21 -$1375. PB-25 - $20 00, 

PB-26 - $20.00 

ICOM INSERTS 

BP-5 - $23 00. BP-3 - $18 95. 

BP-7, BP-8 


MasterCard and Visa 
fi cards accepted NYS 
residents add 8V*<M> 
£ sales tax Add S3 50 

■ tor postage and 

■ handling 


Prices subtecl to change without notice 


1 ft/) SOURCE FOR ALL YOUR COMMUNICATION 
BATTERY REPLACEMENT NEEDS. 

* W & W ASSOCIATES 

29-11 Parsons Boulevard, Flushing, N.Y. 11354 

WORLD WIDE DISTRIBUTORSHIPS AVAILABLE. PLEASE INQUIRE. 


OUR PRICES 
CAN'T BE BEAT. 

SEND FOR FREE 
CATALOG AN0 
PRICELIST! 


In U.S. & Canada Call Toll Free (800) 221-0732 • IN NYS (718) 961-2103 • Telex: 51060 16795 • FAX: (718) 461-1978 
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KENWOOD 


?COM 



Electronics Supply 


FAMILY OWNED SINCE 1956 
3621 FANNIN 
HOUSTON. TEXAS 77004 
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WACOM 

DUPLEXERS 


Our Exclusive Bandpass Reject Duplexers 
With Our Patented 

B d B, CIRCUIT” FILTERS 

P r V v 

T . yT 


provide superior 
performance 
especially at close 
frequency separation 

Models available lor 
all commercial and 
ham bands within lf>t* 
frequency range of 30 
to 960 MHz 


817/848-4435 


^,71 WACOM 

)Sr J PRODUCTS, INC. 

P.0 BOX 21145 

WACO, TEXAS 76702 • 817/848-4435 


GALLATIN 
RADIO SUPPLY 

Expert repair of Ehrhorn ALPHA 
76A, 374A, 78 and 77D series 
amplifiers. 

Also specializing in state-of-the-art 
repair and modification of the Collins 
KWM/HF-380 series radios. Latest 
up-dates available. Factory 
Authorized. You won't believe the 
improvement in your radio when it 
gets back! 

Call tor more information 
or to schedule your work 

Gallatin Radio Supply 

Attn: Kirby Van Horn 
P.O. Box 60064 
Houston, Texas 77205 
(713) 320-2324 

Authorized MADISON Electronics repair facility 


^ 131 


























Equation 10 data shows shape of capacitor plate to give 
capacitance curve ot Figure 4. 


To determine the plate shape needed to give the capaci¬ 
tance curve ol Figure 4, take the derivative of Equation 9 


dC = -1 

dF 2r~LP 


( 10 ) 


The top edge of the capacitor must vary as the reciprocal of 
the cube of the frequency (ignore the negative sign) 

This curve is plotted in Figure 5 for the 1 1 333 
frequency ratio. The inductance is used to set the exact fre¬ 
quency range once again. The analysis gets more complex 
if you're removing a final amount of capacitance to allow for 
circuit capacitance. It can be done, but I won't discuss that 
process in this article. 

You could trace Figure 5. place the tracing on a piece of 
sheet metal. cut out one or more plates, and use them to con¬ 
struct a linear frequency tuning capacitor with horizontal 
motion. I haven't tried this yet; maybe one of you will What 
about a rotary capacitor? The mathematics are analogous 
using polar coordinates. I haven’t included it here, but the prin¬ 
ciples are the same. Like the linear frequency tuning capaci¬ 
tor, a rotary linear frequency capacitor is good for only one fre¬ 
quency ratio. That ratio can be scaled to any range by 
inductance selection, and the variable capacitor may allow 
for a fixed external capacitance in the oscillator circuit. 

Now that the background is out of the way, I 'll describe how 
to build an oscillator using a precision variable capacitor avail¬ 
able at little or no cost. 

Tuning capacitor 

The 35 to 150-pF main tuning capacitor from ARC 5 WWII 
command-set transmitters is one of the finest variable capa¬ 
citors available to Amateurs. It is still listed in Fair Radio Sales 
catalogs ' You can buy the capacitor alone or purchase the 
whole transmitter (not all of them come complete). The same 
capacitor seems to have been used for the 2.1 to 3,3 to 4, 4 
to 5.3, 5.3 to 7, and 7 to 9.1-MHz models. Actually, the trans¬ 
mitters contain two similar capacitors. The only difference 
between them is that the front one, used for tuning the final 
amplifier, has a dial drive attached. Many old-timers may still 
have these caps in their junkboxes. The capacitor is shown 
in Photo A 


'Fan Rail*) Sales Company PO Bo* 1105 Lima Oho 45802 


A worm drive with an anti-backlash gear moves the adjusta¬ 
ble plates. Exactly 96 turns of the shaft take the capacitor 
through 360 degrees. Of course, you can only use a maxi¬ 
mum of 180 degrees; I recommend slightly less to avoid errors 
at the beginning and end 

I n capacitors with the dial drives, the worm drive moves the 
plates while another set of anti-backlash gears rotates the dial. 
Exactly 99 turns of the shaft move the dial through 720 
degrees, or two revolutions Because of this difference, you 
shouldn't rotate the capacitor 360 degrees. The dial will be 
off by three turns of the shaft after it revolves twice 

An examination of the dials shows that they’re not linear. For 
example. 3.7 turns of the main shaft move the dial from 4 to 4 1 
MHz, but 3.2 turns are needed to move it from 5.2 to 5.3 MHz 
Photo B shows two representative dials. 

Because these capacitors have excellent gear drives. I 
decided to determine just how far off they would be for typi¬ 
cal Amateur tuning ranges. After all, 7.0 to 91 MHz is a pretty 
wide range for Amateur use. Even a capacitor with linear 
capacitance plates can give a fairly good approximation of 
linear frequency over a small frequency ratio. The plates on 
this capacitor are closer to linear frequency; there is a smaller 
radius at the high-frequency (minimum capacitance) end than 
at the low-frequency one. 

Frequency error 

I mounted a circular protractor on the dial drive in place of 
the surplus dial and took frequency measurements every 10 
degrees from 0 to 300. The protractor was placed at the point 


PHOTO A 



Tuning capacitor. 



Two representative dials. 
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where the plates were fully meshed (330 degrees). I used a 
homebrew frequency counter to take readings to the nearest 
5 kHz. The raw data is shown in Table 1. 

The oscillator circuit is shown in Figure 6. 1 chose values and 
adjusted the inductance for the feedback capacitors, C x , and 
coupling capacitor to cover a 4 to 5.3-MHz range. 

The plot of frequency versus dial rotation shown in Figure 
7 looks good, but this kind of plot can be misleading. Very 
large, inherent errors of greater than 10 kHz are present. There 
are measurement errors based on how accurately the dial is 
positioned in reference to the 10-degree marker on the pro¬ 
tractor scale. There’salsoa ±2.5-kHzerror; I recorded the fre¬ 
quency only to the nearest 5 kHz when I could have taken it 
to the nearest Hz with this counter. 

I used a curve-fit technique to minimize or average out the 
measurement errors. Drawing a straight line (mathematically) 
through the data points minimizes the frequency error 
between the raw data points and the straight line. This is 
referred to as linear least-square curve fitting because the sum 
of the squares of the errors is minimized. 

Using a straight line like this is the best way to match a lin¬ 
ear dial over the frequency ratio selected. You can adjust the 
oscillator circuit's "fixed” capacitor and inductor to achieve 
the same deviation from a linear dial that you’d get from the 


TABLE 1 


Test data taken to determine dial position and frequency 
of a surplus WWII command-set capacitor. 


Dial Position 

Frequency 

(degrees) 

(MHz) 

0 

4.0 

10 

4.03 

20 

4.07 

30 

4.11 

40 

415 

50 

4.19 

60 

4.23 

70 

4.27 

80 

4.31 

90 

4.355 

100 

4.40 

110 

4.44 

120 

4.48 

130 

4.52 

140 

4.565 

150 

4.61 

160 

4.65 

170 

4.69 

180 

4.74 

190 

478 

200 

4.825 

210 

4.87 

220 

4.91 

230 

4.96 

240 

5.0 

250 

5.05 

260 

5.09 

270 

5.14 

280 

5.18 

290 

5.23 

300 

5.27 



Oscillator circuit used for frequency-error measurements. 


FIGURE 7 



Plot of frequency versus dial rotation looks linear but can be mis¬ 
leading. Measurement errors are minimized using a curve-fit tech¬ 
nique as in Figure 10. 


FIGURE 8 



Plot of frequency error versus dial rotation. A least-squares curve 
fit minimizes errors. 
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FIGURE 9 


FIGURE 10 



Error curve for a straight-line fit to the raw data of Table 2. 


deviations between the measured data and the best straight- 
line fit. Figure 8 shows a plot of the deviations for the 4 to 5.3- 
M Hz range. It's easier to see how far off a li near dial will be with 
the plot in Figure 8 than it is with the one in Figure 7. 

At the low end of the dial the error starts off positive; that is, 
the actual frequency will be about 10 kHz higher than indi¬ 
cated on the dial. In the center the error is 10 kHz negative, 
and at the high-frequency end it's 10 kHz positive again. At 
two points the frequency will match the dial reading exactly. 
The parabolic nature of the error curve is rather ragged in 
appearance, undoubtedly due to the measurement errors 
indicated earlier. 

Numerous computer programs are available for curve-fit 
calculations. Some sophisticated calculators have this feature. 
You can do the calculations yourself using a simple calcula¬ 
tor and the formulas from a math or statistics textbook. I 
recommend using a computer; even the smallest personal 
computer can handle the calculations. Some programs can 
also calculate higher order curves, in addition to straight-line 
fits. 

I smoothed the ragged appearance of the error curve 
in Figure 8 in two ways. For actual frequency measure¬ 
ments, I took more care in positioning the dial directly under 
a cross hair while recording the frequency to the nearest 
1-kHz reading. In addition, I made a second-order curve 
fit to the raw data. Because the error curve seems to have 
a parabolic shape, a second-order curve (parabola) fits the 
raw data quite well. 

Figure 9 shows the error curve for a straight-line fit to the 
raw data of Table 2.1 took frequency readings to the nearest 
kilohertz for each single turn of the main shaft. I made 49 
turns and selected the 42 center readings to eliminate errors 
al the ends of the capacitor range. My readings covered 
about 300 degrees of the main dial, including the 3746 to 
4083-kHz range. Figure 10 shows the plot of raw data 
versus a square fit (parabola), along with the resulting error. 
There’s a less than 1-kHz error; the random scatter indicates 
the fit is as good as possible and is probably limited by 
measurement errors. 

Using the smoothed raw data (parabola), I can find the 
best straight-line fit to determine the error from a linear dial. 
Figure 11 shows the result of my calculation. Now compare 
Figure 11 with Figure 10 and you'll see that raggedness 



Deviation from a parabola. Data shows less than 1-kHz error and 
random scatter indicates a good fit. 


TABLE 2 


Frequency readings between 3746 and 4083 kHz taken to 
produce error as a function of capacitor shaft rotation in 

Figure 10. 


Turning 


Tuning 


shaft 

Frequency 

shaft 

Frequency 

(turns) 

(kHz) 

(turns) 

(kHz) 

0 

3746 

26 

3950 

1 

3750 

27 

3958 

2 

3756 

28 

3965 

3 

3763 

29 

3972 

4 

3772 

30 

3979 

5 

3780 

31 

3986 

6 

3789 

32 

3993 

7 

3798 

33 

4000 

8 

3807 

34 

4006 

9 

3816 

35 

4013 

10 

3824 

36 

4020 

11 

3833 

37 

4026 

12 

3842 

38 

4032 

13 

3850 

39 

4039 

14 

3858 

40 

4044 

15 

3867 

41 

4051 

16 

3874 

42 

4057 

17 

3882 

43 

4063 

18 

3890 

44 

4069 

19 

3898 

45 

4074 

20 

3906 

46 

4078 

21 

3913 

47 

4083 

22 

3921 

48 

4085 

23 

3929 

49 

4083 

24 

3936 



25 

3944 




introduced by the measurement error has been removed; 
however, the basic error remains. This basic error results 
from the incorrect shape of the capacitor plates used over 
the particular frequency ratio in Table 2. 

How does the error for this type of precision-tuning 
capacitor change with the frequency ratio covered? True 
straight-line frequency capacitors are designed for only one 
frequency ratio. Does this capacitor have a ratio where the 
error will be at its lowest? 
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FIGURE 11 


FIGURE 12 



Smoothed raw data (parabola) is used to find the best straight-line 
fit to determine the error from a linear dial. 


More measurements 

I tried a variety of tuning ratios using the procedure just 
described. I selected fixed capacitors from 50 to 500 pF 
and investigated frequency ratios from less than 1.1:1 to over 
1.3:1. My tuning range was about 200 kHz to over 1300 
kHz at the center dial frequency of 4.6 MHz. I calculated 
the percentage error by dividing the error at the dial cen¬ 
ter by the tuning range. As I mentioned previously, you can 
make the error small for almost any capacitor by restrict¬ 
ing the tuning range. Calculating the percentage error, how¬ 
ever, highlights the true error of the capacitor. 

The results are shown in Figure 12. Note that the error 
is positive at the dial center for ratios below 1.25:1 and nega¬ 
tive for ratios above. This reverses the parabolas of Figures 
8 and 9. As it turns out, the best ratio is 1.25:1. The error 
here seems to be very close to zero. In fact it's less than 
0.1 percent. 

Practical use 

With errors this small, you can construct high- 
performance linear tuning dials. For example, a 500-kHz 
range can be covered with less than 0.5-kHz error. You could 
also use the circular protractor degree markings to cover 
the 300 kHz from 1.2 to 1.5 MHz. 

Transceiver builders are interested in the 4.8 to 6-MHz 
range. By using just the top 5.5 to 6 MHz, you can build 
a nice master VFO. It's also possible to make a remote VFO 
for use with the popular commercial transceivers. Precision 
linear dials are practical for Amateur measuring instruments 
like signal generators and R-X bridges. I'm sure you can 
find many more applications. 

I have one suggestion that should make your transceiver 
front panel layout more attractive. Mount the capacitor at 
an angle so the main shaft is aligned directly below the cen¬ 
ter of the dial as shown in Figure 13. 

Conclusion 

The theory of linear tuning capacitors led me to explore 
the use of surplus capacitors in Amateur applications. I've 
given construction details for practical precision dials. 
Remember that it’s important to select a 1.25:1 frequency 
ratio for 300 degrees rotation of the main dial. 



Percent error for a WWII tuning capacitor. Tuning range was about 
200 to 1300 kHz at center dial frequency of 4.6 MHz. 


FIGURE 13 



Transceiver application. 

I still don’t know why the original dials from WWII gear 
are nonlinear. They appear to use a 1.32:1 frequency ratio. 
Was the capacitor designed for one ratio, but used with 
another? Was it a trial-and-error procedure that was put 
aside too soon? I’d like to hear from anyone who knows what 
happened. Q3 


19th annual INDIANAPOLIS HANIFEST™ 

And CENTRAL DIVISION ARRL CONVENTION 
And COMPUTER SHOW 
July 8-9, 1989 

Marion County Fairgrounds - Gates open 6:00 AM both days 

2 Full Diyi of: Commercial Exhibitors, Large Flea Market, Hourly Awards, Forums 
FREE: Parking. Kids Awards, Camping, Womens Awards 

Indiana’s Largest Electronic Flea Market, 
Amateur Radio and Computer Display 

INDIANAPOLIS HAMFEST, P. 0. Box 11776, Indianapolis, IN 46201 
For Information Call: (317) 356-4451 
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If You Want the Most Advanced TNC Today... 


Tn 26 countries around the world, tens of 
"""thousands of amateurs know that Kantronics 
is the leader in bringing tomorrow’s technology 
to their stations today. They also know they will 
always be among the first to incorporate just- 
introduced features and modes with Kantronics 
software and firmware updates. 

And, they know that Kantronics is unique in its 
ability to seek out, develop and incorporate the 
most advanced features into each of five 
different TNC models before anyone else. 
Why? Because every program Kantronics 
writes, and every unit Kantronics designs and 
produces are born right here at the factory in 
the U.S.A. 

Meet Your Mailman 


Jn this age of telco LANS, E-mail and FAX, 



PBBS is just one of the firsts Kantronics delivered. 


you will know you have mail in your Personal 
Packet Mailbox when your KAM "STA" LED 
is blinking. New firmware level 2.85 has also 
added a handy automatic mailbox user- 

Packet Clusteris the copyrighted software of Pavilhon Software 
*AM”. All-Mode *. KA NOOE ’. and Personal Packet Mailbox *, 
are trademarks of Kantronics Company. Inc 


connect. So save your computer and monitor 
life by turning them off when you are away, and 
never miss a beat on the airwaves. 

Version 2.85 KAMs have increased Packet 
Cluster" compatibility, KA-NODE path pres¬ 
ervation, KA-NODE recognition of the “NET” 
nodes and HF baud rates from 50 through 300! 
And there are three new mailbox commands: 
List Mine, Read Mine and Kill Mine. 

and Tomorrow... 

Will the Real Dual-Port 
Please Stand Up? 

ead our lips. The KAM " is the only true 
dual- port when it comes to packet. Your 
Personal Packet Mailbox is accessible from 
both HF and VHF! Version 2.85 has dual-port 
compatibility with RLI/MBL boards and KISS 
mode for both ports. You can monitor HF and 
VHF packet operations at the same time. 

Users can even gateway from HF to VHF (or 
in reverse) through your KAM. 

Kantronics All-Mode (KAM) has Packet, 
WEFAX, ARQ, FEC, RTTY and CW recep¬ 
tion. But we have five models to suit your par¬ 
ticular taste. Ask your dealer for the best 
choice today...and tomorrow. 

K Kantronics 

RF Data Communications Specialists 

120? E 23rd Street Lawrence, Kansas 66046 
(9131 842-7745 
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All Major Brands in Stock Now 


UJlMJLJM 


UTLET 

LARGEST HAM OUTLET IN THE WORLD 


Advanced 

Electronic 

Applications 


I a\-ftiV4. . ------ 

Data Co 


• NEW IBM Fax Screen 
Display Program Available 

• Transmit/Reccivc on Six Modes 

• CW/RTTY/ASCII/ 
AMTOR/Packct/FAX 

• IBM and Commodore, 
terminal programs available 

• Radio Ports for HF and VHF 

In Stock for Quick Delivery 

Free Shipment 


Kantronics/KAM 


1KT ^ 


TEN-TEC 






1 Ait-a 

f 


(froocept/ 

Mddddddsi VHF/UHF 
SOLIDSTATE 
AMPLIFIERS 

mm 

Contemporary design, 
quality and a 5 year warranty 
on parts and labor 

6 months on the RF Final transistors. 

All amplifiers have GaAsFET receive 
pre-amps and high SWR shutdown protection 


TITAN 425 

• Pair3CX800A7 • External Power Supply 

• Performance at legal limit 

• 3MS0SK. t 6 to 22 MHz • Assures"LoatAlong" 

• With authorized moditication through 29 999 MHz 

IN STOCK NOW! FREE SHIPMENT! 


VISA 


CALL TOLL FREE 


Call any of our 800 numbers coast to coast from most parts of the country. 
MID-WEST/WEST SOUTHEAST MID-ATLANTIC NEW ENGLAND 
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Practically 

Speaking 


Joe Carr, K4IPV 


PART 1 

HIGH-FREQUENCY 
DIPOLE ANTENNAS 

Last month I discussed the basic ingre¬ 
dients of the dipole antenna. This 
antenna has acquired an undeserv¬ 
edly poor reputation in an era of multi¬ 
band beams and other costly an¬ 
tennas. When installed correctly (which 
is easy to do), the dipole turns in a 
credible performance. In fact, some 
poorly constructed (or designed) com¬ 
mercial three-element beam antennas 
perform only as well as a dipole at the 
same height. The dipole antenna per¬ 
forms well for the money, time, and 
brainpower invested. This month I’ll 
take a second look at this antenna and 
discuss how you might go about tun¬ 
ing one. I'll also describe dipole vari¬ 
ants like the broadbanded and loaded 
dipoles. 

Tuning the dipole antenna 

There are two issues to address 
when tuning an antenna (any antenna, 
not just the dipole): resonance and 
impedance matching. Although they 
are frequently treated in the literature 
as the same issue, they are not. In this 
article I’ll deal primarily with the proc¬ 
ess of tuning the antenna to reso¬ 
nance. Not all antennas are resonant, 
but the dipole is. 

There's a lot of misinformation on 
antenna tuning. Perhaps much of what 
is believed is a result of using VSWR 
as the indicator of both resonance and 
impedance matching. Many people 
honestly (but erroneously) believe that 
the VSWR can be “tuned out” by 
adjusting the feedline length. That 
myth probably derives from the fact 
that voltage or current-sensing instru¬ 



ments are used for VSWR measure¬ 
ment, and these are affected by trans¬ 
mission line length. But the problem 
lies in the instruments; it’s not a fact of 
radio physics. Another factor which 
leads to confusion is that varying the 
line length may provide an impedance 
transformation that matches the 
antenna to the transmitter, but doesn't 
address the point that the antenna is off 
resonance and therefore less efficient. 

There’s only one proper way to tune 
a dipole antenna — adjust the length 
of the antenna elements. You don’t 
adjust the transmission line. As I men¬ 
tioned when discussing construction 
methods last month, you leave the 
electrical connections at the center 
insulator unsoldered so you can make 
these adjustments. 

The minimum point in the VSWR 
curve is the resonance indicator. Fig¬ 
ure 1 shows a graph of VSWR versus 
frequency for several different cases. 
Curve A represents a disaster — a high 
VSWR across the band. The actual 
VSWR value may be anything from 
about 3.5:1 to 10:1 (or thereabouts), but 
the cause is the same. The antenna is 
either open or shorted, or is so far off 
resonance that it appears open or 
shorted to the VSWR meter. 

Curves B and C represent antennas 
that are resonant within the band of 
interest. Curve B represents a broad- 
banded antenna that’s relatively flat 
across the band, and doesn't exhibit 
excessive VSWR until the frequency is 


outside the band. Curve C is also res¬ 
onant within the band, but this antenna 
has a lot higher Q than curve B. In the 
simplest sense the broadbanded 
antenna is best, but that statement is 
true only if broadness is not purchased 
at the expense of efficiency. Resistive 
losses tend to broaden the antenna fre¬ 
quency response but also reduce its 
effectiveness. The antenna is effectively 
“broadbanded,” as seen by the trans¬ 
mitter, by the addition of the equivalent 
of a power-absorbing resistor at the 
feedpoint. Again, it’s undesirable if this 
broadbandedness is purchased at the 
cost of increased loss. 

Curves D and E in Figure 1 are res¬ 
onant outside the band of interest. The 
D curve is resonant at a frequency on 
the low side of the band, making that 
dipole too long. In this case you need 
to shorten the antenna to raise the res¬ 
onant point inside the band. Curve E 
represents an antenna that’s resonant 
outside the upper limit of the band; this 
antenna is too short and must be 
lengthened. Because the antenna is 
frequently too short, cut the elements 
longer than necessary at first. 

How much you cut depends on two 
factors: how far the resonant point is 
from the desired frequency, and which 
band you’re working on. The second 
requirement results from the fact that 
the "frequency per unit” length varies 
from one band to another. Let’s look 
at an example of how to calculate this 
figure. The procedure is simple: 

• Calculate the length required for 
the upper end of of the band. 

• Calculate the length required for 
the lower end of the band. 

• Calculate the difference in lengths 
for upper and lower ends of the 
band. 

• Calculate the width of the band in 
kilohertz by subtracting the differ¬ 
ence between the upper fre¬ 
quency limit and the lower fre¬ 
quency limit. 
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• Divide the length difference by the 
frequency difference; the result is 
in kilohertz per unit length. 

Example 

Calculate the frequency change per 
unit of length for 80 and 15 meters. 

Solution: 

For 80 meters (3.5 to 4.0 MHz): 

L ft = 468/4 MHz = 117 feet 
L ft = 468/3.5 MHz = 133.7feet 
Difference in length: 133.7feet -117 
feet = 16.7 feet. 

Frequency difference: 4000 kHz - 
3500 kHz = 500 kHz. 

Calculate frequency/unit length: 500 
kHz/16. 7 feet = 30 kHz/foot. 

For 15 meters (21.0 to 21.45 MHz): 
L ft = 468/21.45 = 21.82 feet 
Lft = 468/21 = 22.29 feet 
Difference in length: 22.29feet - 21.82 
feet =0.47 feet. 

Convert to inches: 0.47 feet x 12 
inches/foot = 5.64 inches. 

Frequency difference: 21,450 kHz - 
21.000 kHz = 450 kHz. 

Calculate frequency/unit length: 450 
kHz/5.64 inches = 80 kHz/inch. 

The frequency change per foot at 80 
meters is small, but even small 
changes can result in very large fre¬ 
quency shifts at 15 meters. You can 
calculate approximately how much to 


add or subtract from an antenna under 
construction using this kind of calcu¬ 
lation. If, for example, you design an 
antenna for the so-called "international 
net frequency” on 15 meters (21,390 
kHz), but find the actual resonant point 
is 21,150 kHz, then the frequency shift 
required is 21,390 - 21,150, or 240 
kHz. To determine how much to add 
or subtract (as a first guess): 

The factor for 15 meters is 80 
kHz/inch, which is the same as say¬ 
ing 1 inch/80 kHz. 

The required frequency shift is 240 
kHz. 

Therefore. 

Length change = 240 kHz 

Length change = 3 inches 

Each side of the antenna must be 
adjusted by half the length calculated 
above, or 1.5 inches. Because the first 
resonant frequency is less than the 
desired one, you should shorten the 
length by 1.5 inches. Once the length 
is correct (as proven by the VSWR 
curve), solder the connections at the 
center insulator to make them perma¬ 
nent, and hoist the antenna back to 
operating level. 

You can see the difference between 
resonance and impedance matching 
in the value of the VSWR minimum. 
While the minimum indicates the res¬ 
onant point, the value of that minimum 


is a measure of the relationship 
between the feedpoint impedance of 
the antenna and the characteristic 
impedance of the transmission line. 
Last month you learned that: 

Z 0 > R r 

VSWR = Z„/R r (1) 

Z 0 < R r : 

VSWR = R r /Z 0 (2) 

Where: 

Z 0 is the coaxial cable charac¬ 
teristic impedance. 

R r is the radiation resistance of 

the antenna. 

Although knowing the VSWR won’t 
tell you which situation is true, you'll 
know that there’s a high probability 
that one of them is. Experiment to find 
which is the case. Of course, if the 
VSWR is less than about 1.5:1 or 2:1 
then forget about it; the improvement 
isn't generally worth the expense and 
cost. When the transmission line is 
coupled to a transmitter that's 
equipped with a tunable output net¬ 
work (most tube-type transmitters or 
final amplifiers), it can accommodate 
a relatively wide range of reflected 
antenna impedances. But modern 
solid-state final amplifiers tend to be a 
little more picky about the load imped¬ 
ance. For these transmitters a coax-to- 
coax antenna-tuning unit (ATU) is 
needed. 

Other dipoles 

So far I’ve discussed classic dipoles 
with half-wavelength single conductor 
radiator elements connected to a 
coaxial transmission line. This type of 
antenna is most often installed horizon¬ 
tally a half wavelength above the 
ground (or wherever convenient if 
that’s impossible). Next I’ll take a look 
at other forms of dipoles. Some of 
these are equal in every way to the 
horizontal dipole; others are basically 
compensation antennas used when a 
proper dipole isn’t practical. 

Inverted-V dipole 

The mverted-V dipole is a half¬ 
wavelength antenna fed in the center 
like a dipole. By definition, the 
inverted-V is merely a variation on the 
dipole theme. In this antenna (Figure 
2) the center is elevated as high as 
possible above ground, but the ends 
droop very close to the surface. Angle 
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“a" can be almost any convenient 
angle greater than 90 degrees. Most 
inverted-V antennas use an angle of 
about 120 degrees. This antenna pro¬ 
vides a compromise when a dipole 
can’t be used. Many operators believe 
it’s a better performer on 40 and 80 
meters in cases where the dipole can't 
be mounted at a half wavelength (64 
feet or so). 

Siloping the antenna elements down 
from the horizontal to an angle (Figure 
2) effectively lowers the resonant fre¬ 
quency. This means the antenna will 
need to be shorter than a dipole for 
any given frequency. There's no abso¬ 
lutely rigid equation for calculating the 
overall length of the antenna elements. 
Although the concept of “absolute” 
length doesn’t hold for regular dipoles 
close to the ground, it’s even less via¬ 
ble for the inverted-V. There is, how¬ 
ever, a rule of thumb you can use for 
a starting point — make the antenna 
about 5 percent shorter than a dipole 
for the same frequency. Try cutting the 
antenna to the length required for a 
regular dipole on the same frequency 
and trim from there, using the tuning 
procedure. 


L = 


468 

F MHz 


feet 


(3) 


After determining the approximate 
length, find the actual length with the 
same cut-and-try method used to tune 
the> dipole in the previous section. 

Sloping the elements changes the 
feedpoint impedance of the antenna 
and narrows its bandwidth. You’ll 
need to make some adjustments as a 
result. You might want to use an 
impedance-matching scheme at the 
feedpoint, or an antenna tuner at the 
transmitter. 

Sloping dipole (“sloper” or 
“slipole”) 

The sloping dipole in Figure 3 is 
popular with operators who need a low 
angle of radiation but don't have a 
large area for their antenna installation. 
Various texts call this antenna the 
sloper or the slipole. I use the term sli- 
pcle to distinguish this antenna from 
a sloping vertical. But whatever you 
call it, it’s a half-wavelength dipole with 
one end at the top of a support and 
the other end close to ground, fed in 
the center by coaxial cable. 


FIGURE 2 



I = INSULATOR 220 

S - SUPPORT STAKE L& - FEET 

R = ROPE F HHz 


Inverted-V dipole antenna. 


FIGURE 3 



Sloper dipole (also called “slipole”). 

Some operators like to hang four 
sloping dipoles from the same mast 
pointing in different directions (Figure 
4). A single four-position coaxial cable 
switch lets you switch a directional 
beam on different headings that favor 
various locations. 

Broadbanded dipoles 

It is rarely discussed that the 
length/diameter ratio of the conductor 
used for the antenna element is a fac¬ 


tor in determining antenna bandwidth. 
In general, a large cross-sectional area 
makes the antenna more broad- 
banded. In some cases, using alumi¬ 
num tubing instead of copper wire for 
the antenna radiator is advisable. Tub¬ 
ing is a viable solution on the higher 
frequency bands. Aluminum tubing is 
inexpensive, lightweight, and easily 
worked with common tools. You can 
make a rotatable directional dipole 
with ordinary aluminum tubing. But as 
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FIGURE 4 


FIGURE 5A 



Several slopers supported from a common 
mast give directional characteristics. 


the frequency decreases, the weight 
becomes greater. This is because the 
tubing is longer and must be of greater 
diameter for structural strength. 

Aluminum tubing is impractical on 
80 meters and nearly impractical on 
40. Yet it’s at 80 meters that you find 
a significant problem (especially with 
certain older transmitters). The band 
is 500 kHz wide, and older transmit¬ 
ters often lack the tuning range for the 
entire band. Three basic solutions to 
the problem of wide bandwidth dipole 
antennas are: the folded dipole , the 
bowtie dipole, and the cage dipole. 

Figure 5A shows the folded dipole 
antenna. It’s basically two half¬ 
wavelength conductors shorted 
together at the ends and fed in the 
middle of one of them. The folded 
dipole is usually constructed from 300- 
ohm television antenna twin-lead trans¬ 
mission line. Because the feedpoint 
impedance is nearly 300 ohms, you 
can use the same type of twin lead for 
the transmission line. The folded dipole 
exhibits excellent wide bandwidth 
properties, especially on the lower 
bands. 

For a folded dipole the transmitter 
has to match the 300-ohm balanced 
transmission line, which is a disadvan¬ 
tage. Unfortunately, most modern 
radio transmitters are designed to feed 
coaxial cable transmission line. 
Although you can place an antenna 
tuner at the transmitter end of the feed¬ 
line, it’s also possible to use a 4:1 
balun transformer at the feedpoint 
(Figure 5B). This arrangement makes 



TO XMTR 


Folded dipole fed with twin lead. 


FIGURE 5B 



Folded dipole fed with coax and a 4:1 BALUN. 


FIGURE 6 



the folded dipole a reasonable match 
to 52 or 75-ohm coaxial cable trans¬ 
mission line. 

Another method for broadbanding 
the dipole is to use two identical 
dipoles fed from the same transmis¬ 
sion line arranged to form a "bowtie,” 
as shown in Figure 6. Using two iden¬ 
tical dipole elements on each side of 
the transmission line increases the 
conductor cross-sectional area, so the 


antenna has a slightly improved 
length/diameter ratio. 

The bowtie dipole was popular in 
the 1930s and '40s; it was the basis 
for the earliest television receiver 
antennas. (TV signals are 3 to 5 MHz 
wide and require a broadbanded 
antenna.) This antenna was also popu¬ 
lar during the 1950s as the so-called 
"Wonder Bar” antenna for 10 meters. 
Some are still in use, but the antenna’s 
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SURPLUS ELECTRONICS 


Enhanced 101 Key _ 

IBM Compatible Keyboards 

A »y U S tnan»jf«»':1ur»?» recently n>l.Mst'f1 ^ l|®g» 

ins pn.ir.s inventory ot IBM PC XlSAl.im: Htl: Mill MIIWH 

lut.blc* key boards The v < an also bo used m 

the enhanced XT and AT modes t»y resell.rrq^B^ onK 

the OlP switches accordingly We are pro rwrrt «S 

h.bded Irom advertising the turers 

highly respected name, and the name tays^ 
have been removed from the cases, but it does appear on the encoder board These boards 
feature 101 keys, seperate cursor control & numeric keypads In addition. 12 function keys 
are added to take advantage of state of the an software packages and a LED control panel is 
provided along with snap open self locking legs Most of them are in new condition. Some 
are slightly used AW of them are in excellent working and excellent physical condition Mott 
are in their original factory cartons We supply a schematic and operators guide with eoch 
one Shpg Wl 5 Lbs Kybd 11 $39.00 2/$75.00 


XT KEYBOARD 


Mlg by Kulka Smith Dual 18 point 
back 20 amp List $3 52 eoch New 

Shpg Wt 1 Lb SP 12&A_$126 


you can buy a new Keytronics IBM com 
petible keyboard for less money than a 
cheesey import Some of the features are 
Made by Keytronics real keyswitches for a 
solid, not mushy, feel 83 sculptured keys. 
Heavy duty coil cord with metal 5 pm DIN con 
nector, and snap out lockable feet The 
keytops have the necessary logends for use 
with various software packages Only 50 on 
hand Shpg Wt 5 Lbs KYBD 12 $29 95 


C&K DPDT 

MOMENTARY 

SWITCH 

This type of switch is hard to find whether 
surplus or at a regular distributor. It is a DPDT 
alternate action, momentary switch with a 
support bracket The switch is designed to be 
mounted on a PC board, but because the 
bushing is threaded it also can be panel 
mounted NEW 

Shpg Wt 3 oz. SP 430A 52 $1 50 


mvjn i minulc / \ ^ 

PRISMS \/ 

We have had these before and they're always 
a sell out 30 60-90 prisms are great for pot 
forming simple optical experiments or just 
watching the pretty color spectrum that is 
croated when light is bent and reflected 
throught the prism They measure 1 5" x 
7/8" x 7/8" Some may have slight edge 
chips but are otherwise OK 
Shpg Wt 3ot. SP 101A 52 $2 00 


PEEPING TOM 
SPECIAL 

Ongianally these giant prisms 18 x 8 x 2Vi") 
were used for driving a tank so that the 
operator didn't get shot to pieces Now you 
can use one for whatever clandestine or Tom 
foolery you con think of. You can look over 
fences oround lances or maybe even find a 
real use for them One of our visiting experts 
suggests these may have been used in M 1 7 
tanks The exposed surfaces, except for the 
glass of course, are painted offtcal olive drab 
A unique and unusual find. Used, good condi 

Shpg Wt 8 lbs SPL-16A-52 (12 95 


John_JL_ Meshna j r. , Inc, surplus electronics 
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ALL SHIPPING CHARGES 


19 Allerton St. P.0. Box B062 
E. Lynn. Massachusettes 01904 
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Tel. (617)595-2275 
FAX. (617)5954680 


No C.O.D's 

$20.00 Minimum Order 


This Crydom relay runs on 3 5 to 8 VDC 
SPST no contact Rated at 240VAC 2 
amps N O List Fhice $15 00 Crydom part 
No 53022A Unused 

Sh Wt 8 or SP 1130 51 $2.50 


5 AMP GEL CELLS 


SOLID STATE 
RELAY 


The full pacs came m 
a sturdy plastic 
enclosure 


We sent "Eagle Eye Al" out hunting in a far 
away salvage yard a few days ago and he 
cams up with a real winner While crawhng 
around a big heap of stuff he saw a familiar 
outline at the bottom After a few minutes. Lo 
and behold, some beautiful shiny new Gates 
gel pacs emerged The pacs contain 15 2V. 5 
amp gel cells for a total of 30 VDC. amp 
hour* You can buy these unused pacs as 
follows all guaranteed OK Here's a tip Use 
duct tape'lo hold the cells together_ 


AS IS Complete with Schematic Shpg Wt 20 Lbs MOT 17 $37 50 


Shielded 
DIN COIL 
CORDS 


We have a bunch of heavy duty, shielded coil 
cords which have metal 5 pin DIN plugs on the 
ends The cord will stretch out to 10 feet The 
metal din plug has a molded strain relief 
Perfect lor use with keyboards, musical in¬ 
struments. audio equiptment and other sen 
sitive devices Color. Beige 
Shpg Wt 1 lb CORD 27 $2.00 


We |ust got in a bunch of beautiful new Oak 
keyswitches. They are perfect for powering 
up sensitive pieces of electronic equipment 
due to their unique 3 key positions. The first 
position is off In the second position DPST 
contacts, rated at 25 amps at 125V. are swit 
ched on In the third position two remote DC 
contacts make contact and triggers whatever 
device is attached to them Each switch 
comes with hardware and two barrel keys 
The keys are removeable in the first and third 
position. Simtliar switches are used on many 
large computers for security and to insure the 
proper power up sequence. An unusual item 
I to find surplus and normally very expensive. 

| Shpg Wt 1 Lb SPL17B52 $8 95 


IS Cells. 30 VDC 

« a Shxtfv plane nttamr 

Shpg Wt 8 Lbs 

12 Cells 24 VDC 

SPL 274B 52 

$40 00 

Shpg Wt 4 Lbs 

6 Cell* 12 VDC 

SPL 336B 52 

$36 00 

Shpg Wt 2 Lbs 

3 Celts. 6 VDC 

SPL 207B 52 

$18 00 

Shpg Wt 1 Lb 

SPL 11B 52 

$9 00 | 


IBM' Compatible 
Flat Screen Monitor 

We |ust bought a bunch of classy looking IBM * compatible 
TTL monitors They wero made by Samsung (Sm12SFA7l 
The monitors utilize a flat. 12" amber high contrast, non 
glare CRT Some ol the nice features of this item are high 
resolution 80 x 25 character display. they are fully enclosed 
and come with a nit & swivel base The TTL level signals 
are input thru a sub D type connector The monitors run on standard US house current 95% 
of them are in thee original factory cartons They are tagged as having minor defects We 
have looked over a few of them and have found them to be completely intact We guarantee 
the CRT's are unbroken and will not have burn marks on them The original selling price of 
this very handsome unit was over $125 00 each including the tilt swivel base We offer it 
with the CRT guaranteed OK. as mentioned above We will also provide a schematic 


The relays we have are made by Electronic 
Relay Inc their part No is S505 mm 41053 
The control voltage is 5 VDC The contacts 
are rated lor 240 VAC. 10 amps Usually 
these are very expensive but not when you 
are dealing with us. They are removed from 
unused equipment. Connections are made via 
spade lugs 

Shpg Wt V4 Lb SP 83A 52 $6 00 2/111 00 


BUSS TRON® 

WATERPROOF 

FUSEH0LDEP 0 

--' 


Tron HEB A A ,.ie line fuse holders aro easy 
to use and completely enclose the fuse pro¬ 
tecting it against damage from water, 
weather, salt spray, corrosive fumes, etx 
TRON HEB fuseholders are easy to install. The 
size "A" crimp terminals will accept one f 14. 
12. 10 or 8 solid or strand wire. They accept 
13/32” x IV fuses such as KTK. FNM and 
BAF up to 600V New. individually bagged 
List price $6 56 each 
Shpg Wt 8 oi SP62A 52 


John J. Meshna Jr.. Inc. 


SWITCHES 


PARTS GALORE ASSEMBL Y 

Pictured below is a high reliability power 
supply It contains many vary useful and 
expensive parts We must oiler these 
(Mins to you individually because, due to 
the agreement with the manufacturer we 
can not lell the unit intact 


POWER SUPPLY REGULATOR BOARD 
Consists of LM 123 1C regulator or equivalent. 
TIP 32 transistor. 6 amp bridge. 10.000 ut. 
50V capacitor LM 340T12 regulator, a star 
6V buzzer. 2 sockets to hold the smaller 2 
band* which consist ol LM 39N 1C. reg. TIP 
32 X ister. 4 10K 10 turn Pots, tantalums, 
and loads ol other parts 
Shpg Wt 2 5 Lbs SP 274B 51 $3 50 

TRANSFORMER made by Signal or Aerospace 
Systems Input. 110/220VAC Output. 24v 
3a. tOv. 3a 

Shpg Wt 3 Lbs T 661 51 $5 00 

DUAL POWER TRANSISTORS ASSEMBLY 

2N6249 oi equivalent high power switching 
X isters rated at 300VCB0 30 amps. 175 
watts silicon NPN which list for over $8 00 
each mounted m an akjmmpm housing in 
sockets 

Shpg Wt 0 5 Lbs SP 2768 51 $2.60 


10 AMP 
SOLID 
STATE 
RELAY 


OAK SECURITY 


Finger Guard for above. Zink Plated 

Shpg Wt 0 5 Lbs SP 3690 $0 50 

CORD for above fan 

Shpg Wt 0 2 Lbs SP 275EG $0 35 

CASE aluminum chassis rubber feet and carry 
mg handle 9 '6 x5 ^ x9 %'' 

Shpg Wt 2 Lbs SPL 107 51 $7 50 


FAN similiar m size and speed to IMC Slim 
Mm. Boxer 1 15VAC 50'60Hz 30 CFM 

Shpg Wt 1 Lb SP 231A 51 $3 75 
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SAVE 

TIME 

and 

MONEY 

with 

THE 

HAZER 


Bring things down for 
safety and convenience. 

N*v«r climb your tow*r again with (hit elevator system An 
tennas and rotator mount on HAZER. complete system trams 
tower In venical upright position Safely lock system op 
erates while raising or lowering Never can fall 

Complete kit includes winch. 100 ft of cable, hardware and 
instructions For Rohn 20 and 25 Q Towers 
Ha/er 2-Heavy duty alum I2»q ft load SSll .B&ppd 

Ha/er 3-Standard alum 8sq ft load S223B5ppd 

Ha/er4-Heavy galv steel 16 sq ft load S29l 9Sppd 

NEW for ROHN 45 and 55 Towers 

Hajer 6-Heavy duly galv steel 16 sq ft load CALL 

Rail Thrust Beanng TB-25 for any of above $69 50 ppd 

Send tor free details of aluminum lowers specifically 
engineered lor use with the Hanr Two sixes; Ml 3 (13 wide) 
and M 16(16' wide) All boiled construction, no welds Easy to 
install hinge base, walk up erection Complete lower UPS or 
air freight shlppabie Pro assembled or kit form 

Satisfaction guaranteed. Call today and charge to Visa. 
MasterCard or mall check or money order 


GLEN MARTIN ENGINEERING INC. 

Rle 3. Box 322 .-JV § 

Boonville. MO 65233 r\' 

(816)882 2734 FAX 816 882 7200 


NEW! 

The classic “Antenna Bible" 
now in a thoroughly-revised, much-enlarged 
edition 

ANTENNAS 

2nd edition 

by John Kraus, W8JK 

Ohio State University 

Covers both theory and its applications to practical 
systems Over 1000 illustrations and nearly 600 
worked examples and problems Over 100 new 
topics Complete with design formulas, tables and 
references 

917 pages, hardcover $51 95 
Add $2 50 per book for shipping and handling U S.. 
$5 00 elsewhere 

CYGNX'S-QUASAR BOOKS 
P.O. Box *5, Powell, Ohio 43065 
Tel. 614-54* 7*«5 


FIGURE 7 



/» INSULATOR 
R » ROPE (ETC ) 
S * SPREADER 



Cage dipole. 

popularity has faded. The ends are 
spread to approximately 11 percent ol 
the total length. 

The cage dipole (Figure 7) is simi¬ 
lar to the bowtie in concept, if not con¬ 
struction. Again, the idea is to connect 
several parallel dipoles extending from 
the same transmission line in an effort 
to increase the apparent cross- 
sectional area. But with the cage 
dipole, spreader disk insulators keep 
the wires separated. The insulators 
can be built from Plexiglas™, lucite. or 
ceramic. They may also be made of 
materials like wood that’s properly 
treated with varnish, polyurethene, or 
any other material that prevents water¬ 
logging. The spreader disks are held 
in place with wire jumpers (see inset 


TABLE 1 


to Figure 7) soldered to the main ele¬ 
ment wires. 

Some bowtie and cage dipole 
builders make the elements slightly 
different lengths. This “stagger tuning" 
method forces one dipole to favor the 
upper end of the band and the other 
to favor the lower end. The overall 
result is a slightly flatter frequency 
response characteristic across the 
entire band. On the cage dipole, with 
four half-wavelength elements, it 
should be possible to overlap even 
narrower sections of the band in order 
to create an even flatter characteristic. 

Shortened dipoles 

The half-wavelength dipole is too 
long for some applications — espe- 


Approximate Inductance reactances as a function of the percentage ol half wavelength 



represented by the shortened radiator 


Percent 

Coils at 

Coils at 

of half 

feed point 

middle of 

wavelength 

(ohms) 

radiators (ohms) 

20 

1800 

2800 

30 

950 

1800 

40 

700 

1300 

50 

500 

950 

60 

360 

700 

70 

260 

500 

80 

160 

320 

90 

75 

160 

95 

38 

80 

98 

15 

30 























PLUG INTO PACKET! 


Simple and Easy. 

Here’s the easiest packet radio yet, 
you don't even have to buy a TNC 
to join the digital revolution. Just 
let your PC do the work. Plug a 
PC Packet Adapter into any ex¬ 
pansion slot and get on the air in 
minutes, just like an expert. And 
you’ll still be able to use the PC for 
other work! The complete VHP 
system is only *139.95! 

Sophisticated, Too. 

When you’ve mastered the basics, 
use the PC* Packet Adapter for 
simultaneous dual-band HP/ 
VHP, multiconnect, BBS, TCP/ 
IP. DXcr’s PacketCluster, 2400 
baud (and higher). Even use the 
Developer’s Package to write your 
own packet application. 


Software Included. 

Unlike others. DRSI includes all 
the software you need. The THS 
terminal package has split screen, 
file save/send, binary Hie transfer, 
print, scroll, review and more. 


2400 BAUD 


Many areas arc upgrading their 
packet nets to this higher speed. 
DRSI’s M-24 modem for 2400 
baud connects simply with no 
modifications to your rig and lets 
you operate both 1200 and 2400 
simultaneously with your present 
radio. Step up to this new speed 
for just $79.95. today! 

Call or Write 

for complete 

Product Catalog 



2065 Range Road 
Clearwater, FL 34625 

ORDERS: 1-800-999-0204 
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TRACK 




SUGARLAND 


:poch 


ASTRO 


HELP 


QUIT 


GET A BIRD S EYE VIEW 

From GralTrak 11'" and your IBM K PC 

AO-13 W 1989 FEB 19 06:55:14 


LAT 

2.2° n 

ECHO 

250 ms 

ELEU 

15.3° 

LON 

32.4 ° u 

FRQ 

145.81271 

AZIM 

102.0° 

HGT 

33296 km 

D0P 

-294 Hz 

SQUINT 

18.6° 

RNG 

37512 km 

DRF 

4 Hzm 

♦ 

86 


(iraft rok II '* provide* real lime graphic display ot a flat projection map which move* under the selected satellite!sail Sun Moon star 
coverage circle and updates oner per second I ealurcs include spherical projection views, graphic screen dumps loan IBM Epson < >ii 
,tf Hp l^scrJei Series II printer, selectable latlon grid intervals, disk command files, automatic control ol antenna rotators with 
lull I HO degree elevation. coverage swath display lor weather vats, multiple range circles, automatic sat switching, real time ground 
track display. and squint angle display 

Silicon Ephcmens** provides tabular data output to the screen, printer, or disk tile tor the following operating modes I observedobvI 
to lb vats. |hobs to I s.it schedule l«»r I ohs to I sal. window between 2 obs and I sat rise und vet limes lor I sat. time ordered 
rise ami set limes tor |ft sals. Almanac ft* Sun and Moon, lb obs to Sun Moon, schedule tor I obs to Moon, window between 
2 obs and Moon, schedule for I obs to Sun. and optical visibility schedule 

The package includes an editor program used to construct and modify sat obs dau have files In addition, a program to update 
data base files from bulletin boards, complete source code lor a compatible rotator and receiver control program ansi several other 
utilities are included 

Requires an IBM PC'. PCXT. PC AT. or true compatible an IBM Color (.raphics Monitor Adaptor or tnic compatible, optional 
hut recommended §0»N7 math coprocessor. minimum SI2K RAM. DOS 2 0 or later and cither two 3M1K floppy drives or one 
3bOK floppy and one hard drive, the prograrnv are not copy protected 

The complete package is $3*15 (l ist Pncet Call lor quotation Check, money order. MasterCard, or VISA accepted 
Silicon Solutions. Inc • P O Bo* 742546 • Houston. Texas 77274 2546 • (7I3J 777 3057 

IHM ~ Hturmtrk .4 HIM l IwrfliW II ml m Valmartt <a VJ«I» VMu> l» 
































DOWN EAST MICROWAVE 

DOWN EAST MICROWAVE 



MICROWAVE ANTENNAS AND EQUIPMENT 
• Loop Yagi» • Pow*< D*vkl<w» • 

Campisl* Array* * GeA* FET Pi •amp* 

• TROPO -EME • W*ak Signal • OSCAR • 
Mtciomavs Tianavorlar* 

002 1260 1 206 1601 2304 3456 MHz 

2345 LY45M 1296 MHz 20d& 162 
1345 LY 4M 2304 MHz 20dBl S66 
3333 LY 33M 002 MHz 16 SdB4 $62 

Abovs anlartnos M* Aasamblad ovailab*# 

Add $6 UPS a* Waal ol »>« M««M*pp 

MICROWAVE UNEAR AMPLIRERS SSB. 

ATV, REPEATER. OSCAR 

2316 PA 1 w In 16* out 12401300 MHz $265 
2335 PA 10 kn35w oul 1240 1300 MHz $315 
3316 PA 1w r 20w oul 000 030 MHz $265 
3635 PA 10 in 40w oul 000030 MHz $320 
23LNA pfMmp 0 7dB NF 1296 MHz $00 
33LNA p< •amp 0 900 N F 002 MHz $90 

NEW PRODUCT ANNOUNCEMENTS 
Nsw loop Yagla 

1645 LY Loop Yagj 1691 MHz 20dBI $90 
045 LY Loop Yogi 3456 MHz 20dBI $60 
Abovs anlonnaa aMomblod and toalod 


13LNA 0 7dB NF 12 dB 2 3 GHz $140 
16LNA20 0 fldB NF. 20 dB 1 69 GHz $140 
SLNA lOdBN F 10 dB 2-2 7 GHz $150 

Now Wideband Powf Amplifiera 

2370 PA 3w in 70* oul 12401300 MHz $695 
2340 PA 2w In 35w out 1240-1300 MHz $355 
2316 PAM 1«v in 16w out 1240-1300 MHz $205 


NO TUNE MICROWAVE LINEAR TRANSVERTERS 

From SHF SYSTEMS a naw tna oI Irantvwt«r* 
dstignsd by 

Rtck Campbal KK7B and Jan Oavay WA6NLC 
AvsiUbU in kil k>m or ataambladlaaiad 

•003 1269 1296 2304 3456 MHz 

• microti*ip hitatt alMninaia luna-up 

• 2m M. PIN doda awilchad 

• aaquancar standard m com pi ala uni I 

• low proAla packaging, maal mountabla 


AJ selva aqulpmam - 13 8V 


DOWN EAST MICROWAVE 
BILL OLSON, W3HQT 
Box 2310, RR-1 Troy, ME 04987 
(207) 948-3741 


W6SAI BOOKS 

published by Bill Orr, W6SAI and Stu Cowan, W2LX 


BEAM ANTENNA HANDBOOK 

Completely revised and updated with the latest computer generated inlormation on 
BEAM Antenna design Covers HE and Yagis and to. 18 and 24 MHz WARC bands 
Everything you need to know 204 illustrations 268 pages 1985 Revised 1st edition 

RP-BA Soltbound $11.95 

ALL ABOUT VERTICAL ANTENNAS 

Theory, design, construction, operation—are fully coveted Here's what this exciting 
book covers Horizontal vrs vertical—which is best? lop loaded and helical anlennas. 
5 high efficiency Marconi anlennas tor 80 and 160. verticals and TVI—Is there a 
problem? The enects ol ground on vertical antennas and a how to make an effective 
ground system, the Bobtail beam, construcbon data tor 25 different antennas, matching 
circuits ol all descripbons-which is best, plus P L E N T Y more' 1st edition. 192 
pages © 1986 

iRP-VA Soltbound S10.9S 

RADIO HANDBOOK 23rd Edition 

Here are some ol the highlights of this exciting new edition New easy-to-use 
charts lor Chebyshev and elliptic biter configurations, new data on power MOS 
EETS, how to use state-ot the art OP AMPS, and home computer RTTY to name 
lust a lew examples New protects include GaAsFET preamps lor 902 and 1296 
MHz easy-to buik) audio CW filter. Economy two 3-500Z. 160 meter amplifier, 
multiband amp using two 3CX800A7's, and a deluxe amplifier with the 
3CX1200A7 tube New antenna protects include efficient Marconi design tor 160 
and 80 meters, computer generated dimensions lor HF Yagis, and a 2 meter slot 
beam Get your copy today 23 edibon 1986 
22424 (Reg. $29.95) Hardbound $26.95 

THE RADIO AMATEUR ANTENNA HANDBOOK 

A wealth ot protects that covers verticals, long wires, beams as well as plenty 
ot other interesting designs It includes an honesl judgement ot gain bgures. 
how to site your antenna lor the best performance a look at the Yagi uuad con¬ 
troversy. baiuns. slopers and delta loops Practical antenna protects that work' 
190 pages 1978 1st edition 

RP-AH Soltbound $11.95 

Please enclose S3 75 lot shipping and handling 


GREENVILLE. NH 03048 


BOOKSTORE 


(603) 878 1441 



M A G A Z I IM 


P.O. Box I'lll-H 
PLACENTIA, CA 32670 
■71A-632-7-721 
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IF YOU ARE INTO ELECTRONICS AND SAVING MONEY IS IM¬ 
PORTANT TO YOU, THEN YOU OWE IT TO YOURSELF TO TRY 
NUTS & VOLTS MAGAZINE. DISCOVER WHY THOUSANDS OF 
SMART PEOPLE NATIONWIDE TURN TO NUTS & VOLTS EACH 
MONTH TO MEET THEIR ELECTRONIC NEEDS. WHETHER 
YOU’RE BUYING, SELLING, OR JUST 
TRYING TO LOCATE THOSE UNIQUE 
OR HARD-TO-FIND ITEMS, FIND OUT 
HOW NUTS & VOLTS CAN HELP! 


SUBSCRIBE TODAY! 

□ CHECK □ MONEY ORDER □ VISA □ MC 

Name 

Address 


flity 


State 

Zip_ 

Hard No. 

Exp Date 


CALL FOR ADVERTISING INFORMATION 
DISTRIBUTOR INQUIRIES INVITED 


r 

Subscription Rates 

U S FUNDS REQUIRED 

3rd Class Mail - 

USA 

One Year 

SI 2.00 

Two Years 

$21.00 

Lifetime 

$60.00 

1st 0*185 Mail 

One Year - USA 

$20.00 

Canada 8. Mexico 

$22.00 

Air Mail 

Foreign -1 Year 

$55.00 

Includes one FREE 40-word 

Classified Ad 



A National Publication For The Buying And Selling Of Electronic Equipment 
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FIGURE 8 



Coil-loaded dipole: a) coils at feedpoint; b) coils at 50-percent point. 


cially where real estate is at a 
premium. Many operators solve this 
problem by using a coil-loaded short¬ 
ened dipole like the one shown in Fig¬ 
ure 8 A shortened dipole (one which 
is less than hall a wavelength) is 
capacitive, so it must have an in-line 
inductance to compensate for the 
inherent capacitive reactance. There's 
no reason why the loading coil can't 
be put at any point along the radiator, 
but in Figures 8A and 8B they are 
placed at 0 and 50 percent of the ele¬ 
ment length, respectively. This makes 
coil inductance calculations easier, 
and also represents the most common 
practice. 

Table 1 shows approximate induc¬ 
tive reactances as a function of the per¬ 
centage of half wavelength repre¬ 
sented by the shortened radiator. It's 
likely that the percentage figure will be 
imposed on you by the situation, but 
the general rule is to pick the largest 
figure consistent with the available 
space. For example, suppose you have 
about 40 feet available for a 40-meter 
antenna that normally needs about 65 
feet for a half wavelength. Because 39 
feet is 60 percent of 65 feet, you can 
use this value as the design point for 
your antenna. In Table 1 you'll see that 
a 60-percent antenna with the loading 
coils at the midpoint of each radiator 
element wants to see an inductive 
reactance of 700 ohms. Rearrange the 


standard inductive reactance equation 
(X L = 6.28 FL) to the form: 

, X L x l(X> 

L " h ~ (x28 F 

Where: 

L^h is the required inductance in 
microhenries. 

F is the frequency in hertz (Hz). 

X ( is the inductive reactance calcu¬ 
lated from Table 1 

Example 

Calculate the inductance required 
for a 60-percent antenna operating on 
7.25 MHz. The table requires a reac¬ 
tance of 700 ohms for a loaded dipole 
with the coils in the center of each ele¬ 
ment (Figure 8B) 

Solution: 

LtiH = X,_ X 100/6.28 F 

LfiH = (700) (!(/>)/(6.28) (7.250,(XX)) 

l.nH=7xl(m.6xl07=15.4 nH 

The calculated inductance is approxi¬ 
mate and may have to be altered by 
cut-and-try methods. 

The loaded dipole antenna is very 
sharply tuned. Because of this, you 
must either confine operation to one 
segment of the band or provide an 
antenna tuner to compensate for the 
sharpness of the bandwidth charac¬ 
teristic. However, efficiency drops 
markedly far from resonance, even 


with a transmission line tuner. The 
tuner overcomes the bad effects on the 
transmitter, but doesn't alter the basic 
problem. Only a variable inductor in 
the antenna will do that. (At least one 
commercial loaded dipole once used 
a motor-driven inductor at the center 
feedpoint.) 

Photos A and B show two methods 
for making a coil-loaded dipole 
antenna. Photo A shows a pair of com¬ 
mercially available loading coils 
designed for this purpose. These coils 
are for 40 meters, but other models are 
also available. The inductor in Photo 
B is a section of B&W Mimductor con¬ 
nected to a standard end or center 
insulator. No structural stress is 
assumed by the coil: all forces are 
applied to the insulator. 



Commercial loading coils. 


PHOTO B 


’"’HIT fill 



Homebrew loading coil based on B&W 
Miniductor. 


Conclusion 

The dipole antenna is easy to 
design, easy to build, and well 
behaved enough that even novice 
builders can make it work successfully, 
and well. Go for it! 
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COMPUTERIZE 
YOUR SHACK 

YAESU 747, 757GX, 757GXII, 767, 9600 

KENWOOD TS 140, 440, 940. 680, R5000 

ICOM R71A, R7000, 735, 751A, 761, 781. AND ALL VHF, UHF. CI V. 

DRIVERS FOR RADIOS ARE MODULAR 

JRC NRD 525. 

COMPLETE PROGRAM ENVIRONMENT 

MENU DRIVEN ANO OESIGNED FOR EASE OF USE 

SCAN FUNCTION ADOED TO RADIOS THAT DO NOT SUPPORT IT 

ERGONOMETRICALIY DESIGNED FOR EASE OF OPERATION 

MOST FUNCTIONS REQUIRE SINGLE KEYSTROKES. 

PROGRAM COLOR CODED FOR EASE OF USE. ALTHOUGH WILL STILL 
RUN IN A MONOCHROME SYSTEM 

MENUS FOR THE FOLLOWING: 

AMATEUR HF-AMATEUR VHF- AMATEUR UHF 

AM BROADCAST-FM BROADCAST-TELEVISION BROADCAST 

SHORT WAVE BROADCAST 

AVIATION HF(SSB)—AVIATION VHF-AVIATION UHF 

HIGH SEAS MARINE—VHF MARINE 

MISCELLANEOUS HF. VHF. UHF 

MOST POPULAR FREQUENCIES ALREADY STORED 

ADDITIONAL LIBRARIES AVAILABLE 

COMPLETE LOGGING FACILITY 

ALL FREQUENCY FILES MAY BE ADDED TO. EDITED OR DELETED 

AVAILABLE FOR IBM PC. XI. At. 80386 256K RAM 
I SERIAL PORT ANO I FLOPPY MINIMUM 

PROGRAM WITH INITIAL LIBRARIES 99 95 

RS-23? TO TTL INTERFACE ONLY (NEEDED IF DON T HAVE MANUFACTURERS INTERFACE) 

EXTERNAL INTERFACE ALLOWS 4 RADIOS 99 95 

INTERNAL PC INTERFACE W/1 SERIAL & I RAOIO PORT 129 95 

SPECTRUM ANALYZER MODULE (CALL FOR PRICE) 

COMPLETE SYSTEMS INCL RAOIO INTERFACE COMPUTER AVAILABLE (CALL FOR PRICE I 

DATACOM, INT. 

8081 W. 21ST LANE 
HIALEAH, FL 33016 

AREA CODE (305) 822-6028 ^ 146 


Make the 

most of your 

general 

coverage 

transceiver 

with 

Monitoring 
Times ! 
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WEATHER 

SOFTWARE 


ss 


-- ACCUWEATHER FORECASTER is a menu driven pro¬ 
gram that allows the user to tap into Accu-Weather's 
extensive computerized database. In addition to Accu 
Weather's forecasts, you can get hourly updates from National Weather 
Service Offices nationwide. 

Maps, graphs, pictures, charts, and narrative descriptions are just part 
of what can be downloaded to your MS-DOS computer. To save 
telephone and hook-up charges, tell your computer first exactly what 
information you want. Then call ACCU WEATHER: the computer will 
download the files you want and save them to disk. Information can be 
obtained for the entire United States or a specific geographical region. 

Several different services are available from ACCU WEATHER. Price 
varies with the service and time of day that the computer is accessed. 
Add $3.50 for shipping and handling 

□ MC-IBM $89.95 

□ MC MAC $89.95 

Please add S3 50 lor shipping and handling 


BOOKSTORE s 


Every month Monitoring Times brings 
everything you need to make the most 
of your general coverage transceiver: 
the latest information on international 
broadcasting schedules, frequency 
listings, international DX reports, 
propagation charts, and tips on how to 
hear the rare stations. Monitoring 
Times also keeps you up to date on 
government, military, police and fire 
networks, as well as tips on monitor¬ 
ing everything from air-to-ground and 
ship-to-shore signals to radioteletype, 
facsimile and space communications. 

ORDER YOUR SUBSCRIP¬ 
TION TODAY before another issue 
goes by. In the U.S., 1 year. $18; 
foreign and Canada. 1 year, $26. For 
a sample issue, send $2 (foreign, send 
5 IRCs). For MC/VISA orders ($15 
minimum), call 1-704-837-9200. 


Monitoring Times 

Your authoritative wane, 
every month. 

P.O. Box 98 A 
Brasstown, N.C. 28902 


MOVING? 

KEEP HAM RADIO COMING .. 


If possible lei us know four to six weeks 
before you move and we will make sure 
your HAM RADIO Magazine arrives on 
schedule Just remove ihe mailing label 
from this magazine and affix below 
Then complete your new address (or any 
other corrections) in the space provided 
and we ll take care of the rest 

Allow 4-6 weeks for 

i correction 

Magazine 

Greenville, NH 03048 


Thanks lor helping us to serve you better. 

i—\ r~~ 


GREENVILLE, NH 03048 


603-878-1441 


Q) CD < 

E -O >. 

CD 

z < o 


AFFIX 

LABEL 

HERE 
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SIMPLE 75-OHM 
HARDLINE 

ID 50-OHM MATCH 


Put those 
CATV cable ends 
to use! 

J. S. Gurske, K9EYY, 7240 Highway X Lodi, Wiscon¬ 
sin 53555 


H ave you ever measured the amount of RF power 
going into a coax feedline at, say, 2 meters and then 
measured the amount of RF coming out the other 
end? I did and I was amazed! I had about half the power at 
the far end of a 100-foot length of RG-8 cable. When I tried RG- 
58 coax, I had a power loss of about 75 percent. I didn't really 
bel eve my measurements, so I went to the coax tables. The 
tables list 100 feet of RG-8 coax (silver-plated center conductor 
with silver-plated double-shield outer braid) as having a loss 
at 150 MHz of about 2.5 dB. If you add a little more, because 
of connectors or standing wave ratio, you can easily approach 
3dB. That3dB reduces the signal power by one-half. In other 
words, if you have a 3-dB loss and 100 watts going into the 
coax, the 3 dB will cause a loss of 50 watts in the line. This 
means that the remaining power going to the antenna is 50 
watts. Quite a price to pay! The RG-58 is even worse. The 
tabes list its loss factor as 6 dB. Your 100 watts would be 
reduced by half and then by half again (or 75 percent), leav¬ 
ing 25 watts to appear at the other end of the cable. This, of 
course, assumes there are no other losses. 

At about the time I was making these measurements and 
cheeking my data, the local cable operator gave me a "tag 
end” of 3/4" hardline. I'd heard that aluminum hardline was 
superior to RG-8 coax. The tables show a 1/2 dB loss at 150 
MHz, over a 100-foot length. 

I wanted to know how to match my 50-ohm equipment to 
the 75-ohm hardline. I remembered that a quarter-wave 
ma’.dhing transformer wasa possibility and looked up thefor- 


mula for the impedance of the quarter-wave section. It was 
stated as follows: 

z 0 = yz,xz 2 (i) 

where: Z 0 = impedance of the line 
Zi = the 50-ohm coax 
Z 2 = the 75-ohm hardline 

Solving for: 

Z 0 = s[Wxl5 =s[3750 =61.2 ohms (2) 

In other words, you’d need a coax with an impedance of 61.2 
ohms to make a quarter-wave matching transformer. 

At this point I shrugged my shoulders and was about to look 
for some other solution, because 61.2-ohm coax isn't what 
you’d call a standard item. Then I remembered that several 
hams in our area use copper pipe to make transformers. I had 
heard that they were easy to build for VH F and U H F ham com¬ 
munications. Using the ARRL Handbook, I found the formula 
for calculating the sizes of the inner and outer conductors for 
air-dielectric coax. 

Calculations 

The basic formula for calculating the inner diameter of the 
outer conductor and the outer diameter of the inner conduc¬ 
tor is listed as follows: 

Z„ = 138 Log D/d 

where: Z 0 = impedance of the line 

D = inner diameter of the outer conductor 
d = outer diameter of the inner conductor 
Since you already know that Z 0 is 61.2 ohms, you can rear¬ 
range the formula to solve for D, for example: 

Z 0 = 138 Log D/d 

Z„ = 138 (Log D) - (Log d) 

(M 

D = 10\D8f + log d (3) 

Substituting the appropriate numbers you find: 

to 

£) = i(y\ Ii8 ) + lo 8 d (4) 
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Detailed layout of the components used in the construction of a quarter-wave matching transformer for 75 to 50-ohm coax. 



Expanded view of the quarter-wave matching transformer. 


If you arbitrarily select 3/16" brass tubing (available at most 
hobby shops) for the inner conductor, you can solve for the 
larger conductor as follows: 

(6lJ\ 

D = io\l38)+ (-0.7270) = (0.4435) + (-0.7270) (5) 

D = 10(-0.2835) 

D = 0.5205 or just over 1/2". 

This means that if you use 3/16" brass tubing for the inner 
conductor, you can use 1/2" copper pipe for the outer con¬ 
ductor. But what length should the transformer be? I wanted 
to use 147.225 MHz so I used the formula: 

7^rm m -mhr ~ ‘■ 5S9 f ‘«° r «» 


PARTS LIST 


DESCRIPTION 

QUANTITY 

3/16-inch brass tubing 

4 pieces 

Small tubing to fit inside 
the above 

1 piece 

1/2-inch copper pipe 

20 inches long 

2 pieces 

1/2-inch female pipe 
to 1/2-inch copper adapter 

2 pieces 

1/2-inch couplings 

2 pieces 

Teflon for bushings inside 
copper pipe 

Noalox compound to prevent 
corrosion between the alumi¬ 
num hardline and copper pipe 
(from electrical shops) 

2 pieces 

Coaxial chassis mounts to be 
modified to fit into theicopper 
couplings 

2 pieces 
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SONY 

ICF-2010 

RECEIVER 

Air: 116-136 MHz 
FM: 76-108 MHz 
|AM: 150 kHz-30 MHz 

$344.95 

Cash or Check Price 



CtfOM* 

omc CommmtcatoiiL 


NEW ENGLAND’S FACTORY- 
AUTHORIZED SALES & SERVICE 
FOR 


KENWOOD ELfl UCOM 


Also 


Package Deal— 
June Only 

Kenwood TS-440S 
w/uutoluner & humlmikc 
YK-88C CW Filler 
Aslron RS-20M Metered 
Power Supply 
FREE SHIPPING 
$ 1.449 


displaying the popular accessories needed to complete a HAM STATION . 

ARRL PUBLICATIONS • AEA PRODUCTS • AMPHENOL 
• ALPHA DELTA • ASTRON • AUSTIN ANTENNAS • AVANTI 
• BELDEN • BENCHER • II & VV • DAIWA • ALINCO 
• HUSTLER • KI M • LARSEN • MIRAGE • ROHN 

• TELEX/HY-GAIN • TOKYO HY-POWER LABS 

• TRAC KEYF.RS • VIBROPLEX • WELZ • ETC. 


OPEN SIX DAYS A WEEK 


WELCOMED 


Telephone 508/486-3400, 3040 

675 Great Rd., (Rte. 119) Littleton, MA 01460 
VI* miles from Rte. 495 (Exit 31) toward Groton, Mass. 


k' 148 


Factory-less, 

jumper-less, 

ROM-less programming. 



With the new S-COM 5K Repeater 
Controller, you’ll be able to configure 
your repeater remotely—using DTMF 
commands Only the 5K offers this 
capability for just $195, wired and tested, 

S-COM Industries 

P.0 Box 1718 
Loveland. CO 80539 
(303) 663-6000 
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VHF-UHF POWER I 




MODEL 
144 2P 
144 4P 
220 2P 
220 4P 
43a2P 
430 4P 
902 2P 
902 4P 
1296 2P 
1296 4P 


i 


, i > 


RF power divider* provide* I he 
best way lo food m phase 2 arid 4 
antenna arraya to ma«imi/e system 
gain and at the *ame time reduce 
hisses to a minimum Covering 144 
thm 1296 MM/ this series o*VHF 
UHF power divider* are premier RF 
devices designed to* a long service 
life with tow SWR and broad op 

eralmg bandwidth 

Edruded aluminum body with a 
durable enamel finish m addition to 
vtcnn sealing at connector Mange* 
reault* m a rugged-zed unit tor all 
array intlallahon* Available with 
N type connector* only, thane 
unit* are unconditionally guaran 
teed tor 2 year* 


CONFIG 

12 portu 

(4 ports) 

(2 ports) 

1 4 pods) 

(2 ports) 

(4 ports) 

12 ports) 

(4 ports) 

12 ports) 

(4 portsi 

SHIPPING NOT IMCLUOf O 


PRICE 

$54 00 
$61 00 
$53 00 
$60 00 
$51 00 
$59 00 
$51 00 
$59 00 
$52 00 
$60 00 


STRIDSBERG ENGINEERING, CO. 

jrr. PO Bo* 1973 • Shrovoporl LA 71107 • USA 
^ Pl>one 13161 865 0523 -ST 
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. • Aj ivalued Technology 

PacComm 

i, * ^^ 

9600 Baud Packet System 

Introducing the next generation in packet performance: A complete line of 
affordable 9600 baud packet equipment to support both network nodes and 
local packet users. The modem is based on PacComm's successful 9600 
baud commercial modem design (exclusively licensed from James Miller, 
G3RUH). It is a high performance FSK design using innovative signal pro¬ 
cessing techniques to comply with FCC bandwidth limitations on the6and 
2 meter amateur bands as well as higher frequencies. The modem connects 
to the radio internally and may not be suitable for use with all existing radios 


Other packet manufacturers plan 
to offer equipment compatible with 
the PacComm 9600 Packet System 

We accept ma/or credit 
cards Order Toll Free 

1-800-223-3511 

Technical support lino 

1813) 874-2980 


MOOEM CARD • Add on internal modem card lor TNC-2 and clones and all 
PacComm TNCs $99 95 fully tested and ready lo install (Avail Now) 
EXTERNAL MODEM - Encased 9600 baud modem with front panel LEO dis¬ 
plays and cabling tor most popular packet controllers including the PK-232 

$159 95 (Avail late April! 

HIGH SPEED DIGITAL RADIO - Digital transceiver consisting ot digital 2-5 
wall RF dock and 9600 baud modem $329 95 to $399 95 (Avail in Mayl 
COMPLETE HIGH SPEED PACKET UNIT - Integrated digital transceiver 
packet TNC, and 9600 baud modem ready to attache to your computer or 
terminal and antenna $449 95 to 519 95 (Avail in June) 


PacComm • 3652 West Cypress Street • Tampa 

Florida 33607 

1 Please send into on □ ___ 

D FREE Catalog 


Call 


1 

Exp Dale 

! MONEY BACK GUARANTEE! AM $4 00 shipping handling i»r order FL residents add 6‘ sales Ian 

J Arfa/or Credit Card give number expiration and signature 

FAX 813 87? 8696 


THE RF CONNECTION 

SPECIALIST IN RF CONNECTORS AND COAX 

Pad No Description Pries 

321 11064 3 BNC 2 PSt 21 von coailsl relay 
kmphanol 

Insedlon loss 0 lo 0 75GHI 
0 1Od0 

Pom rating 0 lo 0 5GKl. 100 
■alts CW 2 hr post 

Isolation 0 t GHr 4500 0 2 GMr $2$ nsa< 
4000 0 4 GMr 3540 tested 

S3 822 PL 259 tenon Amphenol t 25 

PL 259/ST UMI Mate Stiver Teflon USA 150 

UG-21D/U X Male RGB 213 214. Amphenol 3 25 

UG21B/U X Male RGB 273 214. Kings 4 00 

99I3IPIN X Male Pm lor 9913 9086 8214 

(its UG 21D/U 8 UG 216AJ Ns 150 

UG21D/99I3 X Male tor RG 8 with 9913 Pm 3 95 

UG-21B/9913 X Male lor RG B with 9913 Pm 

UG146A/U X Male to SO-239 Teflon USA 6 00 

UG83A/U X female 10 SO 239 Teflon USA 6 00 

THIS LIST REPRESENTS ONLY A 
FRACTION OF OUR HUGE INVENTORY 

THE R.F. CONNECTION 
213 North Frederick Ave. #11 
Gaithersburg, MD 20877 

(301) 840-5477 

VISA/MASTERCARD Add 4% 

Prices Do Not Include Shipping 


THE MULTIPLE RECEIVER SOLUTION 


msSm 


4 Channel Signal to Noise Voter 

f i jMtul.ihir in "X? ClurwH by .lint Adding Cards 
Continuous Voting 

l (0 Indicator of COR and Voted Signah 
Built in Cafcbrato* 

Memos* Voted Indicators Pinned Out 

4\*»6 OouMr Sided OoU Plaint 44 Pm Caid 

Hrmotr Disable inputs 

MOW 

Built tested and calibrated with manual 

S350.00 

Telephone interlace now available 
Ioi mote information call ot wide 

DOUG HALL ELECTRONICS 

Volet Department 
815 E Hudson Street 
Columbus. Ohio 43211 
(614) 261-8871 



EVERY ISSUE of 

HAM RADIO 

now available on microfiche! 

The entire run of Ham Radio Magazine 
(March, 1968 thru last year) is ready 
to ship to you in one, easy to use 
format. 

Our 24x microfiche is easy to read and 
very compact. We offer a hand held 
reader for $75, and a desk model for 
$200. Libraries have these readers. 

As a bonus, you will receive Ham 
Radio Horizons (3/77 thru 12/80) free. 

Everything is included, front cover to 
back - ads too! 

Annual updates will be offered for $10. 

Send $185 payment (visa/mc 
accepted) to: 


*2uckmaster 


BUCKMASTER PUBLISHING 
Route 3, Box 56 
Mineral, Virginia 23117 
703/894-5777 vlsa/mc 800/282-5628 


m/cA’iVKsRV, Loop. & Dipole Klls 


A P.iti I* Build w 

• F.wr\ thing in.luJeJ ■ 

• I ttltafe vhniI initnKfc'lM ® 

• V m«i»an«c »»mng ■ 

• Fmuh iflfmn • in mmaw* ■ 

Qualify ( omponrnik ■ 

• PwuH f WJ Ampfirn I i'[ . w ■ 

• K>ak|>f.*‘l'S«Mk4rfl6'twir« ■ 

• f'alh lasultiri. u-x »ealei, ^ 

n ' L.’ftinfc. l-u n i»* 4<r»tgn 

Fatlftl Anlrnnat in Ihr WmiT 

AntertnasWesr 

jXOII 373-8425 Bor 


• Fall Stf * G5HV SU* 

I JtM« kO --lo 

• Half Si*# G5RV 

I 4iaok (Mint! 40 10 

• Quarter S*eG <KV Sift# 

| Jipolr cinmft 

• \1ar%-m VJapter lit S 1.45 

| • Amelia* Laugher Lit $11,^ 

• ^VDkni :.V 1 * line S 1 I.Y 5 
1 • Lcsip*. Jtp->le» feeJIine* etx. 

■* Aid Shipping A I (jailing 

Catalog SI K lit data mail 

50062-H Pro\o. I T Klh05 , 


Foreign Subscription Agents 
tor Ham Radio Magazine 

Ham Radio France 
SM Electronic 
20 bis Ave des Clarions 
F 89000 Aunerre 
France 

Ham Radio Canada 
C A R F 
PO Bon 356 
Kingston. ON 
Canada K7L 4W2 
Pnces in Canadian funds 
1 yr S38 00 2 yts $67 00 

3 yrs $90 00 

Ham Radio Japan 
Kaisumi Electronic Co Ud 
27-5 Ikegami 

4 Chome. Ota Ku 
Tokyo U6, Japan 
Telephone (03) 753-2405 

Ham Radio England 
c/oRSGB 
Lambda House 
Cranborne Road 
Pollers Bar 
Hetts EN6 3JW 
England 











Construction 


FIGURE 3 


To begin, measure the exact size of the inner diameter of 
the outer conductor you'll be using. ConsuItTable 1 tofindthe 
corresponding brass center conductor. The brass tubing at 
the hobby store is sized so that the next smaller one slides 
snugly into the larger size. This is ideal for lengthening the tub¬ 
ing from the 12" standard lengths to whatever length you 
need. When you purchase the four pieces of brass tubing for 
the inner conductor, be sure to purchase one length of the next 
smaller size. Then you can sweat solder small lengths inside 
the larger brass tubes to make them longer. 

The parts list covers most of the major items needed to build 
two quarter-wave matching transformers. You’ll want to con- 
struct one matching section for each end of the hardline. (See 
Figure 1.) Here’s the procedure I used to build the trans¬ 
formers. 

• Trim both ends of the hardline back so that approximately 
1/2" of the center conductor extends beyond the outer 
sheath. Carefully clean any plastic foam residue from the 
center conductor. The center conductor is copper plated. 
Be sure to leave the copper plating intact or you’ll be una¬ 
ble to sweat solder the brass tubing to the center conductor. 

• Run a 1/2" pipe-threading die onto each end of the hard¬ 
line. The threads won’t be very deep because the hardline 
is a little under size. 

• Select a coax chassis mount and turn it down in a lathe (or 
file it) to remove the flange. This lets the coax barrel fit snugly 
inside the 1/2" copper coupling. Make two of these. I use 
N-type coax fittings, but UHF types work well also. 

• Carefully remove the center conductor from the coax bar¬ 
rels. Some of these are held in with split washers; others are 
merely “press” fit, and some are swaged. If swaged, cut 
the swaging so the inner conductor and insulator slide out 
of the barrel (see Figures 1, 2, and 3). 

• Splicetwopiecesofthe3/16" brasstubing together using 
a 1" length of the smaller diameter brass tubing which 
slides inside this tubing. Sweat solder the joint; then fit the 
coax center conductor into one end of the 3/16 " tubing. You 
might have to construct a bushing. Sweat solder this inner 
coax conductor to the brass tubing. 

• Cut the other end of the brass tubing to the correct length. 
Measure from one end of the brass tube to the other. (Do 
not include the length of the coax center conductor in this 
measurement). 

• Make a Teflon™ spacer to slide tightly over the tubing and 
inside the outer conductor (the 1/2" copper pipe). Sweat 
solder the brass tubing to the inner conductor of the hard¬ 
line. See Figures 1 and 2. 

• Temporarily thread the adapter onto the hardline. Cut a 1/2" 
copper pipe to approximately 20"; then slide one end into 
the adapter. Slide the copper coupling over the other end 
of the 1/2" copper pipe. Carefully measure the distance 
between the end of the brass tubing and the area in the 
coupling where the coax barrel will be placed. Figure 1 
shows how the coax barrel should fit into the copper coup¬ 
ling. The brass tube should be up against the plastic insu¬ 
lation on the hardline on one end, and the coax inner insu¬ 
lator properly located in the coax barrel at the other end. 
Trim the copper pipe to exact length at this time. Double 



Details for making the coaxial barrel to fit in the end of the 1/2-inch 
copper tubing. 


TABLE 1 


Some close approximations for inner and outer conductor 


diameters. 

Inner Conductor 


Decimal 

Fraction 

Metric 

0.15625 

5/32 

39 mm 

0.1875 

3/16 

47 mm 

021875 

7/32 

55 mm 


Outer Conductor 


Decimal 

Fraction 

Metric 

04340 

7/16 

108 mm 

0.5205 

33/64 

130 mm 

0.6071 

19/32 

152 mm 


check to make sure everything fits together exactly as 
shown in Figure 1 and 2. 

• Solder the copper pipe to the female pipe to copper 
adapter. Spread Noalox™ on the aluminum hardline 
threaded area and thread the adapter onto the hardline. 
Tighten the adapter on the hardline, being careful not to 
bend or otherwise distort the hardline. It’s easy to strip the 
threads because they aren't deep. Be careful! Tape this 
connection to help keep moisture out of the joint. 

• Assemble the copper coupling, coax insulator, center con¬ 
ductor, and coax barrel into final configuration. Sweat sol¬ 
der the copper coupling to the copper pipe and the coup¬ 
ling to the coax barrel. 

This completes the transformer. As I said before, you’ll need 
one of these assemblies at each end of the 75-ohm hardline. 

When I checked the power going into the cable and com¬ 
pared it with the power coming out the other end, I couldn’t 
detect more than about 2 watts of loss over the 100-foot length. 
This was a far cry from my earlier measurements. I've used 
the system for over four years with no deterioration. 

It was worth the small effort it took to build these quarter- 
wave matching sections. The 75-ohm hardline is cheap and 
the transformer makes it usable with 50-ohm devices. I hope 
you'll have the same good results. If I can be of any help, 
please send an SASE. 

I want to thank my friend Rob Mayer who helped me rear¬ 
range the basic formulae when I got into trouble with 
logs. QS 
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The weekender 


A MOTORIZED 
AGITATOR FOR YOUR 
PRINTED CIRCUIT 
BOARDS 


W C. Clonmger, Jr, K30F, 4409 Buckthorn Court, 
Rockville, Maryland 20853 


W hen I first began making printed circuit boards. I 
placed the unetched board and etching solution 
in a glass container and agitated the contents by 
hand. Although the instructions for the ferric chloride etchant 
indicated a normal etching time of 15 to 20 minutes, I found 
that it took my boards considerably longer to etch completely 
— often as long as an hour. 

There are three reasons for the extended etching time: (1) 
the thickness of the copper on the board. (2) the temperature 
of the etching solution, and (3) the fact that etching time 
increases noticeably as the etching solution nears the end of 
its useful life or point of exhaustion. I can't control the thickness 
of the copper, but I can control the other two variables. To 
increase the temperature of the etching solution. I place the 
glass container in a pan of warm water (approximately 100°F). 

I choose to be a little frugal with the etching solution. because 
I discard it immediately after use The rule of thumb is to use 
1 ounce of ferric chloride for each square inch of copper, but 
you can alter this rule depending on copper thickness. 

I suspect that my etching times are long because I like to 
get the maximum out of the etchant. I don't like to discard etch¬ 
ant that's only 50 percent exhausted. The long time required 
makes it quite a chore to agitate the boards and solution by 
hand. I mentioned in a previous article on making pc boards' 
that a motorized agitator was one of my next projects The 
motorized agitator shown in Photo A is an easy, one-evening 
project. There's nothing difficult or fancy about its construc¬ 
tion. 



Motorized agitator showing simple construction. Rubber inner-tube 
strips were glued to platform to keep container used for etching 
from slipping. 


FIGURE 1 



Details for making a simple crank for installation on the timing motor. 
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KENWOOD 




IC-781 

HF Equipment 

List 

June 

1C 781 Super Deluxe HF Rig 

$5995 00 

Call $ 

1C 765 New Loaded wtlh Features 

3.149 00 

Call S 

IC-735Gen Cvg Xcvr 

1099 00 

Call S 

IC-75lAGen Cvg Xcvr 

1699 00 

Call S 

1C 725 New Ultra-Compact Xcvr 

949 00 

Call S 

1C 575A 10m/6m Xcvr 

1399 00 

Call $ 

Receivers 

1C R700025 1300 ♦ MH/ Rcvr 

1199 00 

CallS 

IC R71A 100 kHz 30 MH/Rcvr 

999 00 

CallS 

VHF % 

1C 228A/H New 25/45w Mobiles 

509/539 

CallS 

1C 275A/H 50M00w All Mode Base 

1299/1399 

CallS 

1C 28A/H 25/45w. FM Mobiles 

469 <499 

CallS 

1C 2GAT, New 7w HT 

429 95 

CallS 

1C 900 Six Band Mobile 

639 00 

CallS 

UHF 

1C 475A/H 25/75w All Modes 

1399/1599 

CallS 

1C 48AFM Mobile 25w 

509 00 

CallS 

IC 4GAT New 6w HT 

449 95 

Call S 

1C 04AT FM HT 

449 00 

CallS 

1C 32AT Dual Band Handheld 

629 95 

CallS 

1C 3210 Dual Band Mobile 

739 00 

CallS 

220 MHZ 

1C 375A AH Mode. 25w Base Sia 

1399 00 

Cans 

1C 38A 25w FM Xcvr 

489 00 

CallS 

1C 37AFM Mobile 25w 

499 00 

CallS 

1 2 GHz 

1C 12GAT Super HT 

529 95 

CallS 




P' 

TS-940S 



HF Equipment 

List 

Juns 

TS 940S/AT Gen Cvg Xcvr 

S2499 95 

CallS 

TS-440S/AT Gen Cvg Xcvr 

1449 95 

CallS 

TS 140S Compact Gen Cvg Xcvr 

949 95 

CallS 

TS680SHF Plus 6m Xcvr 

1149 95 

Cans 

TL 922AHF Amp 

1749 95 

Cans 

Receivers 



R 5000 100kH/ 30 MHz 

1049 95 

Cans 

R 2000 150 kHz 30 MH/ 

799 95 

Cans 

RZ 1 Compact Scanning Recv 

599 95 

Cans 

VHF 



TS 711A All Mode Base 25w 

1059 95 

Cans 

TR 751A All Mode Mobile 25w 

669 95 

CallS 

TM 231A Mobile 50w FM 

459 95 

CallS 

TH 215A. 2m HT Has It All 

399 95 

CallS 

TH 25AT 5w Pocket HT NEW 

369 95 

CallS 

TM 72lA2m/70cm. FM Mobile 

729 95 

CallS 

TM-621 2m/220. FM Mobile 

729 95 

CallS 

TM 701A 25w 2m/440 Mobile 

599 95 

CallS 

TH 75A 2m/70cm HT 

TBA 

CallS 

UHF 



TS 811A All Mode Base 25* 

1.265 95 

Call S 

TR-851A 25w SSB/FM 

771 95 

CallS 

TM 431A Compact FM 35w Mobile 

469 95 

CallS 

TH 45AT 5w Pocket HT NEW 

389 95 

Cans 

TH 55 AT t 2 GHz HT 

524 95 

CallS 

TM 531A Compact 1 2 GHz Mobile 

569 95 

CallS 

220 MHZ 



TM 3530A FM 220 MHz 25w 

519 95 

CallS 

TM 321A Compact 25w Mobile 

469 95 

CallS 

TH 315A Full Featured 2 5w HT 

41995 

CallS 


FT-767GX 

HF Equipment 

FT 747 GX New Economical 
Performer 

FT 757 GX II Gen Cvq Xcvr 

FT 767 4 Band New 

FL 7000 15m 160m Solid Slate Amp 

Receivers 

FRG 8800 150 kHz 30 MH; 

FRG 9600 60-905 MH/ 

VHF 

FT 4tt Now 2m Loaded NT 
FT212RHNew2m 45w mobile 
FT 290R All Mode Portable 
FT 23 R/TT Mini HT 

UHF 

FT 712RH. 70cm 35w mobile 
VHF/UHF Full Duplex 
FT 736R Now All Mode 2m/70cm 
FEX 736 50 6m 10w Module 
FEX 736 220 220 MH/. 25w Module 
FEX 736 1 21 2GH/ lOw Module 
FT 690RMKII 6m All Mode pod 
Dual Bander 

FT 4700RH 2m/440 Mobile 
FT 470 Compact 2 m/70cm Mobile 

220 MHZ 

FT 312 RM Mobile 

Repeaters 

FTR 2410 2m Repealers 
FTR 5410 70cm Repeaters 




S889 95 Call S 
1129 95 Call $ 
1929 00 Cell! 
1995 00 CellS 

759 95 CellS 
699 95 Call S 

399 95 Call! 
459 95 Call S 
599 95 Call S 
344 95 Call S 

499 95 Call S 

1749 95 CallS 
259 95 Cali S 
279 95 CallS 
539 95 CallS 
569 95 Call S 

889 00 Call S 
559 95 Call S 


1269 95 CallS 
1289 95 CallS 


Call For These Quality Brand Names 

ALINCO ASTRQN Kc Kantronics MFJ ifconcept/ MIRAGE/KLM tesystems 


JUN’S BARGAIN BOX LIMITED QUANTITIES 




ICOM IC-37A List $499.95 
25w, 220 MHz, FM Sale $269.95 

Super Special: Include a copy of your 
Amateur License and receive an addi¬ 
tional $20. discount. Only $ 249.95 


YAESU FT-311 RM 

220 MHz FM Transceiver 25W/5W 
List $439.95 NOW $259.95 


• AMATEUR e TWO WAY • MARINE • SE HABLA ESPANOl 

• FreeUPS Cash Order* (Most Items Most Placesi 


((213)390-8003 


3919 Sepulveda Blvd 
Culver City. CA 90230 



U.S. AMATEUR RADIO MAIL LISTS 

Labels. Iloppy disks. CD-ROM. mag tape 

• Newly licensed hams 

• All upgrades 

• Updated each week 

BUCKMASTER PUBLISHING 
Route 3. Box 56 
Mineral. Virginia 23117 
703/694-5777 vlsa/mc 800/282-5628 


CATALOGS 


HAM 

►Transceivers 

► HF-VHF-UHF 

► Antennas 

► RTTY-Packet 

► Receivers 

► Books & Accs 
Only $1 Postpaid 


SWL 

► Receivers 
►Antennas 
►Tuners 

► Heaphones 

► RTTY-FAX 

► Books & Accs 
Only $1 Postpaid 


RFI KIT 


Use ferrite beads to keep RF out ot your 
TV. stereo, telephone, etc Kit includes one 
dozen beads, one dozen toroids Vs" to 
1 Vt " diameter, three "split beads" and our 
helpful RFI lip sheet Everything needed 
to tlx most RFI problems S15 + $3 ship¬ 
ping U.S. and Canada. 

Free catalog and RFI tip sheet on request 























BOOKSTORE 

NEW BOOK PAGE • 


1989 EDITIONS 

1989 RADIO AMATEUR CALL800KS 

NORTH AMERICAN EDITION 

Fully updated and edited to include all the latest FCC and 
foreign government callsigns and addresses for Hams in 
North America. Includes plenty of handy operating aids 
such as time charts, QSL bureau addresses, census infor¬ 
mation and much more. Calls from Northern Canada to 
tropical Panama. Now is the time to buy a new Callbook 
when you'll get the most use out of your investment 
© 1988 1672 pages 

CCB-US89 Softbound $25.95 

INTERNATIONAL EDITION 

QSL's are a very important part of our hobby. All sorts of 
awards, including the coveted DXCC, require confirmation 
of contact before the award can be issued Of special in¬ 
terest, addresses are being added daily for Hams in the 
USSR and other countries While in no means complete, 
it’s a start and will be of tremendous help in getting QSLs. 
Handy operating aids round out this super book value. 
©1988 1672 page 

□ CB-FB9 Softbound $28.95 

BUY 'EM BOTH SPECIAL 
Reg. $54.90 Only $49.95 SAVE $4.95 

THE 1989 ARRL HANDBOOK 

Revised and updated with the latest in Amateur technology, 
now is the time to order your very own copy ot the world 
famous ARRL HANDBOOK In addition to being the 
definitive reference volume tor your Ham shack, there are 
plenty of proiects tor every interest in Amateur Radio — 
from antennas tor every application to the latest state-of- 
the-art projects — you'" find it all in the 1989 
HANDBOOK Over 1100 pages ©1988. 

[ AR-HB89 Hardbound $20.99 

ANTENNAS by John Kraus. W8JK 

Kraus's classic antenna book has been extensively revised 
and up-dated to retied the latest state-ot-the-art in antenna 
design and theory. Includes over 1,000 illustrations and 
nearly 600 worked examples and problem solutions 
Chapters cover basic concepts, point sources and point 
source arrays, dipoles, helixes, broadband and frequency 
independent antennas, special applications and tons more 
of information Also includes 5 appendices, reference 
lables, computer programs, books and video lapes. 
answers to problems and a problem supplement. College 
level text tor the Amateur 2nd edition 917 pages ©1988 
MH-35422 HARDBOUND $59.95 

ALL ABOUT VHF AMATEUR RADIO 

by BUI Orr. W6SAI 

Are you ready for exciting 6 meter DX'ing during the next 
Sunspot peak? Tired of 20 meters and looking for a new 
operating challenge? Why not try the bands above 30 
MHz! Bill Orr's new book is full ot helpful information, tips 
and ideas to let you get the most out of VHF/UHF opera¬ 
tion. Propagation, antennas, repeaters, Moonbounce, 0C- 
SAR plus much more are all fully covered in Orr's famous, 
easy-to-read style. Also includes helpful section on TVI and 
low to suppress it. ©1988, 1st Edition 

□ RP-VHF Softbound $11.95 

1989 WORLD RADIO TV HANDBOOK 

Every SWl or radio enthusiast should have a copy of this 
book by then operating position It's loaded with all the 
latest callsigns, frequencies and other important information 
tor radio and TV broadcasting around the world. Covers 
LF. MF, shortwave and TV services Also has equipment 
leviews and other special teatures ©1988. 43 Edition 
: JGI-WRTV89 Softbound $19.95 




Software 

Tape 

Novice 

BL-NS $14.95 

BL-NT $19 95 

Technician 

BL-TS $14.95 

BL-TT $19.95 

General 

BL-GS $14.95 

BL-GT $19.95 

Advanced 

BL-AS $19.95 

BL-AT $24.95 

Extra 

BL-ES $19.95 

BL-ET $24.95 


THE ARRL ELECTRONICS Data Book 

by Doug DeMaw, W1FB 

Have you ever found yourself searching for the conversion factor 
between meters and feet, the diameter of 30 AWG wire or any 
other obscure fact’ It'll drive you nuts! The ARRL's new DATA 
BOOK was written with the ham in mind. Noted author DeMaw 
gives you the benetit of his years of experience in this handy 
reference manual. Fully updated, chock-full of (he latest infor¬ 
mation every ham needs at their fingertips. Useful for all 
Amateurs, RF engineers, technicians and experimenters, 

- 1 1989 2nd Edition 

AR-DB Softbound $11.95 


PACKET USER S NOTEBOOK 

by Buck Rogers, K4ABT 

This new book has been put together by CQ's Packet editor and 
packet pioneer. Buck Rogers, K4ABT Written with the begin¬ 
ner in mind, the Packet Notebook is full of handy tips, hints and 
suggestions on how to get the most out of your packet system. 
Includes a briel history, a how to gel started section, standards, 
flow control and information on radio to TNC to computer inter¬ 
connections for just about every radio. Good book to have on 
every packeteer’s desk © 1988 1st edtion, 132 pages. 
CD-PKT Softbound $9.95 

1989 ANTENNA BUYER’S GUIDE 

edited by Peter O'Dell. WB2D, CQ Magazine 

Looking for the latest in antennas? It's all here in the CO 
Antenna Buyer's guide. Crammed full of articles, product infor¬ 
mation and a who's who section listing all of the antenna 
manufacturers and importers Get your’s now and get to work 
on your 1989 antenna projects before —winter comes' 

©1989. 

CO-ANT Softbound $3.95 

GOLDEN CLASSICS OF YESTERYEAR 

A collection of Rigs, circuits and keys 
by Dave Ingram. K4TWJ 

Ingram's new book helps you recapture the fun and excitement 
ot Amateur Radio’s past in this special collection of tales, rigs 
and circuits. Push-pull TNT transmitters, one tube Hartleys, 
and antennas that blink with your CW are part of this fun-to- 
read book Beginners will find this book fascinating reading — 
old timers will relive their past and get back to the roots ot 
Amateur Radio. ©1989. 60 pages. 1st Edition 
MFJ-GCY Softbound $9.95 

OSCAR - Satellite Review 

by Dave Ingram, K4TWJ 

This anthology of articles from CQ is fu'l of important-to-have 
OSCAR information Also includes up-to-date additions and late 
breaking news from the satellite world Written in Ingram's 
straight forward, easy-to-read style, this book will get you up 
and running with the minimum of hassle, includes OSCAR 
"quick start’' help designed to get you on OSCAR today 
©1989. 1st edition, 44 pages. 

MFJ-OSR Softbound $7.95 

GRAY LINE DX ADVANTAGE (MS-DOS Computers) 

Great computerized tool for predicting Gray line openings. 
Displays the overhead position ot the sun as it passes over a 
detailed map of Earth's surface. Displays UTC time in any 24 
QTH's. Includes high speed mode to change time and date. 

This handy operating aid will help you tremendously as you 
work towards DXCC honor roll! 

MPJ-GL (MS-DOS Computers only) $29.95 

AMATEUR RADIO STUDY GUIDES 
(MS-DOS Computer and VHS tape) 
by Bob Lanz. N4ISL 

Studying for Amateur exams sure has changed alot in the last 
twenty years' Using your computer and VCR. you can gel 
classroom instruction right in your own house Latest FCC ex¬ 
am syllabus used lor each study course 


UHF COMPENDIUM Part III and IV 

Edited by K. Weiner, DJ9H0 

This is one of the most long awaited books in Amateur Radio. It 
represents over two years of work and contains more than 
theory — it's chock full of practical, tested designs from some 
of Europe s most noted hams. Subjects covered include: notch 
filters, antennas and IF pre-amps, transistor drivers, transmit 
and receive converters, power amplifiers and much more. This 
book is guaranteed to be a best seller. Order yours today. 

(this book is imported and supplies will vary due to shipping 
delays) >©1989. 1st Edition. 

KW-UHF3 Softbound $29.95 

1989-1990 ARRL REPEATER DIRECTORY 

Includes all the latest repeater listings available. Lists 13,000 
repeaters, 2,200 digipeaters and 475 beacon stations from 14 
MHz to 24 GHz Get your copy of this new book today, 
i 1989 

AR-RO Softbound $4,95 

ARRL CODE TAPES 

Four new sets of code practice tapes from the ARRL Each set 
consists of two 90 minutes cassettes and gives you almost 3 full 
hours of practice Great way to study when you can’t get on 


the air 



AR-1 

5-10WPM 

$9.95 

AR-2 

10-15 WPM 

$9.95 

AR-3 

15-22WPM 

$9.95 

AR-4 

13-14 WPM 

$9.95 


THE FABULOUS RAOIO N80 

by Brandon Wentworth, K6UJ 

Here is the story of one of WW I s most important radio sta¬ 
tions Written Irom the first hand stories and actual experiences 
of the men who operated NBD. Includes technical descriptions 
of the equipment and antennas Great history reading 
©1984 1st edition. 34 pages. 

BH-NBD Softbound $4.95 

NEWNES Radio Amateur 
and Listener's Pocket Book 
by Steven Money, G3FZX 

Unique collection of useful information tor the Radio Amateur 
and hi-tech listener Full ot hard-to-tind information. Includes 
codes, symbols, formulae, frequencies, in addition to AMTOR, 
packet and SSTV. Handy "pocket book" sire. ©1987. 1st 
edition. 160 pages. 

CRC-RA Hardbound $19.95 


WIRELESS ANTENNA HISTORY 

A vertical design primer 
by Walter Schulz. K300F 

Starts with a well written history of radio's beginnings. Nine 
chapters cover radio from the first pioneers through the begin¬ 
nings of radio astronomy. The vertical primer is a complete sec¬ 
tion on how to design, build and optimize a vertical antenna. Full 
ot explanations and handy hints not found elsewhere. © 1988. 

1st edition, 140 pages. 

GL-OQF Softbound $16.95 


HINTS AND KINKS for the Radio Amateur 

edited by KflCH & AK7M 

This is the twelfth collection ot ideas taken from QST's most 
popular column, Hints and Kinks. Other's hands on experience 
can save you hours with suggestions on how lo "build a better 
mousetrap.' Includes ideas on station accessories, operating, 
cw. computers, antennas shop secrets and much more! Great 
new edition’ -1989 12th edition 
AR-HK Softbound $4.95 


RADIO AMATEUR CALLBOOK SUPPLEMENT 

both NA and DX listings 

includes all the latest calls and address changes for hams 
around ihe world, invaluable aid lo getting coveted QSLs from 
rare DX stations. This is the only way to be fully up-to-date. 
Over 300 pages ©1989 

CB-SUP89 Softbound $9.95 


N6RJ S SECOND OP MANUAL VERSION 

Now available in "slide rule" format for non-computerized 
hams' Fully up-dated with all the latest prefixes, zones, 
postage and other information. GET YOUR'S TODAY' 2nd edi¬ 
tion -*.'1989. 

CB-20P $995 


Please enclose $3.75 for shipping and handling 

BOOKSTORE GREENVILLE, N.H. 03048 (603) 878-1441 
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A UNADILLA ANTENNA jl 
MANUFACTURING CO.^ 

(508) PO Box 4215 BV'Andover-MAk)1810 (508) 

474-8949 D I 475-7831 

24 Hour FAX THE t> IVJI SIGNAL 9-5 EST M-F 

Turn Your Antenna Into 
Several Antennas! 

With the 'Old Reliable - W2VS antenna traps 

Traps Naadad (or a Multi-band 

A pair lor every band — 

except towosf frequency q KW-20 


•u® ^ r 

1W-I0 j 


_ -J1PT KW .,J I 

KW-20 ’ 

Special wire length data is shipped with your trap order. Get rid of the "antenna 
farm" and put all of your favorite bands on one antenna. 

_ S - Reiononl N 



Mod#l 

Malm 

at Mh/ 

KW-10 

10 

28 675 

KW-12 

12 

24 950 

KW-15 

15 

21 275 

KW-17 NEW 

17 

18.118 

KW-20 

20 

14 175 

KW-30 

30 

10.125 

KWwlO 

40 

7 250 

KW-80F 

80f 

3.875 


Closeup of crank and slot mechanism. 


N'oed cuaumuxcd trap* for a special frequency? 
PIc»ac call for additional info and quote- 


The heart of the project is the timing motor. I useda4-rpm 
motor from my junkbox (an Olson Electronics special for about 
79 cents). There are several suitable timing motors available 
from H & R Corporation, 401 E. Erie Avenue. Philadelphia, 
Pennsylvania 19134, for less than $10. Another source is 
JERRYCO, Inc., 601 Linden Place. Evanston, Illinois60202. 
Other hobby and surplus suppliers may have suitable low rpm 
motors. I don't think you want to go over about 6 rpm because 
you want to agitage the solution, not slosh it. 

The motor is connected to a rocking platform by a crank and 
slot mechanism. Figure 1 shows how the crank was made and 
attached to the motor. Photo B shows how the crank is con¬ 
nected to a slotted bracket on the end of the rocking platform. 

I used aluminum angle stock for the ends and side brackets, 
and secured them to the masonite platform with pop rivets. 
A couple of rubber strips from an old inner tube added to the 
rocking platform keeps the tray or dish from slipping during 
agitation. 

Using the agitator 

I have found that it's important to change the position of the 
etchant container several times during agitation to prevent 
uneven or incomplete etching. You may also wish to keep the 
solution warm I've found that a 100-watt bulb in a photo¬ 
graphic reflector placed a few inches above the tray keeps the 
solution warm during agitation. A heat lamp positioned above 
the solution would be more than adequate. 

This motorized agitator makes it easy to monitor the pro¬ 
gress of the board etching, and saves a lot of tedious hand 
agitation 0 

REFERENCES 

I WC Cloncnger K30F EZPCBs 73. August 1987 page43 


To order direct call (508) 475-783lor write 
for our informational brochure on our other fine products 

Baluns-Antem Kite-Rttars-Center lna*Jalora-END»ulalor»~-Coaiial Relaya 
All products coma with a 30 Day Warranty 

-NOTICE- 

We are the NEW manufacturers of the original 
JAMES MILLEN™ Products 
(508) 975-2711 9am-5pm EST M-F 


Engineering Consulting's computer controlled Ham Shack 
Now display Ultra's screen via packet with automatic update! 

Ultra Comshack 64 Repeater Controller 

HF & VHF Remote Base'Autopatch’CW Practice - Rotor Control| 
‘Voice Meters'Paging'Logging’Polite ID s'Packet Control 


Model CS64S 
S 349.95 



1 in UMi a.ii. iiBf .-i-uii’a-ii—i 

MTComputer Control 

.VffhsamVAESU FT-727R 



IC02;04;2AT;FT727;411 
U16;FT209;10fl;73;23 

- <~Mlniturt Audio A/no 

Module installs Inside all H.T’s, 

1 watt audio amp I When It needs 
to be loudl Installs in 15 Min. Used b 
police, lire! 


ENGINEERING CONSULTING 

583 CANDLEWOOO ST. _ 

BREA, CA. 92621 

TEL:714-671 -2009 * FAX:714-255-9984 



Allows H.T. to scan 100 
Channels & programs 
H.T. lor field use! Digital "S" 
Meter; comment fields; auto 
resume & delay; Scan Lock¬ 
outs; Loads FT727 In 15 sec. 
Hardware, cables. & disk 
included lor C64 or IBM 


Mod el 727 $39. 95 ||TSDQS79.95 QUAD S99.95 ffir 

| AUDIO BLASTER ir-Vrg.tim«asi-j}fffl|| M „,.,| C 64 "Packet Talker " | 

■ .— M 


Model AB1S $22. 


PKTA $189.95 




















































































HELIUM BALLOON 
ATV 

LAUNCHED OVER INDIANA 


ATV technology 
reaches new heights 


William J. Brown, WB8ELK, 12536 T 77, Findlay, 
Ohio 45840 


O n June 4, 1988 at 8:58 a.m. CDT, W9PRD (Bob), 
WB9IHS (Chuck), and I launched a helium balloon 
Amateur Radio experiment from a grass airstrip 8 
miles northwest of Greensburg, Indiana. The balloon pack¬ 
age consisted of a 1-watt ATV transmitter (Wyman Research), 
a computer video I.D. generator with two graphics screens 
timed in sequence (Elktronics VDG-1), and a half-watt 2-meter 
FM transmitter sending out a CW I.D. 

The balloon system was made up of a 6-foot weather bal¬ 
loon (Kaysam 105G), a recovery parachute, aluminum foil for 
FAA radar, and the 3-1/4 pound transmitter setup. The 2-meter 
antenna was a quarter-wave vertical whip; the ATV antenna 
was an omni-horizontal KS8J “beachball” antenna with two 
loops at right angles to each other. 

The beachball antenna is somewhat directional and has a 
deep null off the back. As a result, there were deep fades in 
the ATV picture as the balloon and its cargo spun around. We 
determined the overall spin rate of the balloon package 
throughout the flight by observing these fades. The spin rate 
varied from one revolution every 20 seconds up to four revo¬ 
lutions per second. We plan to eliminate the fading in future 
flights by using a phasing line to feed one of the loops, mak¬ 
ing it a true omnidirectional antenna. 

A combination of cold temperatures and battery failure 
caused a WB8ELK flight the previous August to stop trans¬ 
mitting at 70,000 feet, so we started a search for improved insu¬ 
lation and batteries. To better protect the equipment, we made 
a styrofoam package 2-1/2 inches thick and painted black to 
absorb solar radiation. Then, WB9IHSfound some lithium cell 
batteries. These SAFT LX 2649 C cells are designed to with¬ 
stand low pressure and low temperatures. We used ten cells 


(two chains of five cells). After 8-1/2 hours of continuous drain 
at 700 mA they still had over 3 hours of life left! 

Quite a few ATV’ers from central Indiana were on hand to 
help us launch the balloon. Larry, WB9YAJ, established a live 
linkuptothe IndianapolisATV repeater from the airstrip so that 
anyone within repeater range could view the launch activities. 
The weather was perfect. When we began inflating the bal¬ 
loon inside an aircraft hanger at 8:30 a.m., there was only a 
light wind and skies were crystal clear. Mother Nature didn't 
let us off that easy, however; the winds increased to over 20 
mph just afew minutes before launch. Since the balloon was 
already fully inflated and the winds were fast approaching 
impossible launch speeds, we decided to send it up before 
the situation worsened. The balloon flailed around wildly, nar¬ 
rowly missing the hangar door, a telephone pole, and several 
other sharp objects as we carried our gear about 200 feet onto 
the center of the runway. Suddenly, the wind died down and 
the balloon floated straight up lifting the transmitter package 
off on its journey. 

The Indianapolis "Fox Hunters” club had volunteered to be 
the ground tracking team. They filled six cars and headed off 
on a chase across southern Indiana, armed with all kinds of 
direction-finding gear for 2 meters and 70 cm. We were able 
to watch the balloon for 15 minutes as it headed quickly 
towards the southwest, rising about 750 feet per minute. Bill, 
WB9SBY, filmed the launch from a small chase plane for the 
first few minutes, but the balloon quickly gained altitude on 
them. We had hoped for some bigger chase planes, but they 
were all grounded with maintenance problems. 

In York, Pennsylvania, WA3USG (Rick) chaired a 40-meter 
net on 7.155 MHz; N9CJD (George) ran an 80-meter net on 
3.871 MHz. The nets received over 80 check-ins and recep¬ 
tion reports during the flight. Stations in over nine states 
received the balloon signals which covered most of the Mid¬ 
west and part of the South. Operators reported S-meters 
"pegged” out to nearly 300 miles in all directions. There were 
many reports of reception on handhelds and scanners over 
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WE SHIP WORLDWIDE _ ^ 

Barru Electronics Corp, 

# WORLD WIDE AMATEUR RADIO SINCE 1950 I 


source 


See You June 4th—HOSARC, Queens, NY 
June 28th, Radio Central (Speech), 
Shoreham, L.l. NY 


KENWOOD 


Equipment! 


KITTY SAYS: WE ARE NOW OPEN 7 DAYS A WEEK. 

Saturday & Sunday 10 to 5 P.M. 

Monday Friday 9 to 6:30 PM Thurs. to 8 PM 
Come to Barry's tor the best buys in town. 


ONV Satety 
belts in stock 


For the best buys in town call: 
212-925-7000 

Los Precios Mas Bajos en Nueva York 

WE SHIP WORLDWIDE! 


FT-767GX, FT-757GXII, FT-747GX, 
FRG-8800, FT-736R. FRG-9600. 
FT-4700RH, FT-212/712RH. FT-470 


ANTENNAS 

A S. AES. Cushcraft. Hy-Gatn. 
Hustler. KIM, METZ, Mosley. 
MODUBIOX. TONNA. Butternut, 
Muli-Band 


YAESU ICOM 

FT-23/73/33/727R IC2AT/12AT 
FT411-811 IC02AT/32A" 

FT-1903/1123 IC2/4GAT 

m. FTH 2005/7005 I IC-A2/U16 


irniti Lendmotxle HT'» 

IL.UM ICOM U16.HI6.V100 U400 

IC2AT/12AT MAXON MOTOROLA 

IC02AT/32AT YAESU FTH200V2007 

IC2/4GAT UNIDEN REGENCY KING 

IC A2/U16 MARINE ICOM MS MSS M>00 

AVIATION ICOM A20 TAD 


TS440S/AT, R-5000. R-2000. TS-940 S/AT, TM 
231 A/431 A, TM-2S70A/50A/30A, TR-751A. Ken¬ 
wood Service Repair. TM-721A, TS-711/811A, 
TM3530A. TH205AT. TH215A, TM-621A. TM 
321A. TS140S, TS680S. R2-1, TS-790A 

Budwig ANT Products 
NEL-TEC8 DVK-100 Digital Voice Keyer 
FLUKE 77,83,85,87 Muttimetefs 

Media Mentors— 

Amateur Radio Course 

VoCom/Mirage/Alinco 
Tokyo Hy-Power/TE SYSTEMS 
Amplifiers & 

5/8XHT Gam 
Antennas IN STOCK 


RF 

Concepts 


L 2 
1 9 

0 * 

r 


Ijl 


1 ' 


1 _ 


n icom 

IC-R71A, 751A, 781, 28A/H. 38A. 48A, Micro2/4, 
R-7000. IC-765. IC-375A, 275A/H. 3210A. 475A/ 
H. 735, IC-900, IC-228H, IC725. IC448A 


__ MART PATCH 

CES Simple* Auto(»al< h 510 SA Will Patch FM 
Transceiver To You* Telephone Great For 
telephone Calls From Mobile To Base Simple 
to use. 510SA/510SAII 


PRIVATE PATCH V, Duplex 8000 

TUNERS STOCKED: 
NYE MBV-A 3 Killowatt Tuner 


AUNCO 

DJ-500T, DR-110T 


MICROLOG-ART 1, Air Disk, 
SWL, Morse Coach 

Soldering Station 48 Watts 


Compuler Interlaces 
Stocked MFJ-1270B 
MFJ-1274, MFJ-1224, AEA 
PK-88, MFJ-1278. PK-232 
W/FAX 

AR 900 Hand Held Scanner 100 
ch Covers 27-54 108- 174 
406-512. 800-950 MHr 


FREQUENCY 
COUNTERS 
IMHl-1 JGHl 


COMMERCIAL 
& HAM 
REPEATERS 
STOCKED 
WHITE FOR 
QUOTES 


MOTOROLA RADIUS 


Kantronlcs 
UTU, KAM, KPCII. 
KPC 2400, KPC IV. 
KAM | 


MFJ-989C 


SHORTWAVE RECEIVERS 
STOCKED 


MOTOROLA AUTHORIZED DEALER 
KACHINA COMMUNICATIONS DEALER 


Ten-Tec 
Tuner 229B 


METRON MA-1000 B STOCKED 

■<r EIMAC 


AUTHORIZED __ 

SONY 

DEALER —* 

DIGITAL FREQUENCY COUNTERS i Ct O O 

Oplo Electronics model 1300H. 0-1300MH* 1-1 __ 

long-range Wireless 

Telepfione lor export in stock SANQEAN Portab 


COMET AN»ENNAS 
STOCKED 


- —— ——- HEIL 

' EQUIPMENT 

r 1 l IN STOCK 

SANGEAN Portable Shortwave Radios 


3-500Z 
572B. 6JS6C 
12BY7A & 
6146B 


BENCHER PADDLES. 
BALUNS. LOW PASS FILTERS | 
IN STOCK 


f BIRD 
Wattmeters &. 
Elements 
In Stock v 


! t M 

V — t 


Hy-Gatn Towers ► 
& Antennas, and { 
Rotors will be k 
shipped direct to I 
you FREE ol r 
shipping cost l 


New TEN TEC 
Corsair II. PARAGON 


IIX Towers Antennas. 
Mobile Radio mounts 
stocked Call 


AEA 144 MHz B|R0 l*V MIRAGE AMPLIFIERS . ... 

AFA 220 MHz X. ix^le ASTRON POWER SUPPLIES „ TCkl T „ IIX Towers Antennas. ~| 

«; s “h! i sA • ^ *——* cw cJSSSS* TSskl 1 

ANTENNAS InStock - . OPTO KEYERS STOCKED 0MNIV AMERITRON AUTHORIZED DEALER 


MAIL ALL ORDERS TO BARRY ELECTRONICS C0RP . 512 BROADWAY, NEW YORK CITY. NY 10012 (FOUR BLOCKS NORTH OF CANAL ST.) 
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MERCHANDISE TAKEN ON CONSIGNMENT 
FOR TOP PRICES 
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COMMERCIAL RADIOS 
STOCKED: ICOM Motors 
la MAXON, Standard. 
Yaesu We serve munici¬ 
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Defense, etc Portables, 
mobiles, bases, ro- 
peaters 
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MJF. J W Miller. Mirage. Nye. Palomar. RF Products. Saxton. Shure. 
Tempo, Ten-Tec. TUBES. Yaesu. Vibroplex, Duplexers, Repeaters. Scan¬ 
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WE NOW STOCK COMMERCIAL COMMUNICATIONS SYSTEMS 
HAM DEALER INQUIRES INVITED PHONE IN YOUR ORDER & BE REIMBURSED 

COMMERCIAL RADIOS stocked A serviced on premises. 

Amateur Radio Courses Given On Our Premises, Call 

Export Orders Shipped Immediately. TELEX 1 2-7870 

FAX: 212-925-7001 





















• Sensitive receiver 

• 45 watts on 144 MHz 
40 watts on 440 MHz 
10 watts on 1.2 GHz 
(with optional module) 

• High stability VFO 

• Dual watch receiver 
Listen to two bands 
simultaneously 

• Priority alert 

• Narrow CW filter 

• Packet terminal 
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Electronics Supply 

FAMILY OWNED SINCE 1956 r~" 

3621 FANNIN 

HOUSTON. TEXAS 77004 I 


NO TUNERS! 
NO RADIALS! 
NO RESISTORS! 
NO COMPROMISE! 

FOUR EXCELLENT REVIEWS |UST 
DON'T HAPPEN BY CHANCE. 
CALL US FOR A FREE CATALOGUE. 

•See review in Oct 73. 1984 'Sept 73, 1985 
•March 73. 1986 ‘Dec Hfl CQ 

BILAL COMPANY 

137 Manchester Dr. 
Florissant, Colo. 80816 
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the same area. W0RPK (Ralph) In Indianola. Iowa was the far¬ 
thest station to report. He picked up the 2-meter signal at 450 
miles. VE3 JO and VE3ZK in London, Ontario observed sync 
bars and a brief, locked picture at a distance of 400 miles. At 
one point, WB0QCD (Mike) had a P3 to nearly P4 picture at 
340 miles. W8YOS near Cleveland had a P2 at 334 miles. 
WA8KQQ reported a P5 during most of the flight from over 100 
miles. In fact, we received several P5 reports from over 100 
miles. WB8MSJ (Joe) received P4 signals in full color from 220 
miles. Levels of P3 to P4 were seen over 250 miles away by 
KB9FO (Henry) and N9AB (Andy) in the Chicago area. A brief 
P5 report came in from K9MTE (Jim) from over 270 miles! 

The balloon reached its maximum altitude of 115,000 feet 
about 2-1/2 hours into the flight With the exception of an inter¬ 
mittent relay on the 2-meter transmitter, everything was still 
operating well. We took several internal temperature readings 
whichlndicated that the new insulation was working. The tem¬ 
perature was actually over 90° F inside and never seemed to 
drop below 60 degrees at any time during the flight. 

The balloon burst at 11:27 a.m. CDT and started down. Our 
first indication of the plunge was the rapid fading and flutter 
on the ATV signal when the package started spinning. The 
most distant receiving stations started losing the signal rapidly. 
We estimate that in the near vacuum of 115,000 feet, the pack¬ 
age probably dropped at speeds of nearly 700 mph until it 
was slowed by the parachute at around 50.000 feet. The bal¬ 
loon landed at 11:54 a.m. CDT, after falling for 27 minutes. 

Because the jet stream was directly over southern Indiana, 
the chase team had a real challenge. At times the balloon had 
been speeding along at over 100 mph In what might be their 
"ultimate" fox hunt, the tracking crews were nearly 30 miles 
from the balloon when it landed The crews made a dedicated 
search across a large portion of southern Indiana; the three 
remaining cars finally got a good fix on the 2-meter signal at 
4 p m They were about 10 miles north of their quarry when 
the 2-meter relay stuck again, killing the signal. But as they 
drove on through a small town, they heard a very weak sig¬ 
nal on 439.25 MHz After driving as far as he could down a 
dirt road, W9DUU (Paul) started on foot through some incredi¬ 
bly dense underbrush and thorns in the worst possible terrain 
for direction finding — dense woodsand rolling hills! Worried 
that he might not find his way out again, Paul took one last 
reading after hed hacked his way through nearly a mile of 
woods. At 5:20 p. m. he looked up and saw the balloon hang¬ 
ing 60 feet up in a large tree! The transmitter package was 
dangling about 20 feet off the ground, still sending out its ATV 
picture! Paul hooked it with a sapling and brought everything 
back intact The balloon landed a mile east of English, Indi 
ana, right in the middle of the Hoosier National Forest, a dis¬ 
tance of 86 miles from the launch site! 

Except for the fact that the beachball loop antenna now 
looks like a pair of coat hangers because of its tree landing, 
the transmitter package will be ready for a repeat flight with 
a live TV camera. A future flight will carry the first airborne ATV 
Repeater. The repeater will have a 434 M Hz input and 910 25 
MHz output; it has the potential of linking up two stations 
nearly 700+ miles apart 1 

Special thanks go to everyone who participated in this 
event I’d like to thank W9NTP (Don), who let us use his lab very 
ear ly in the morning on launch day to work on the transmitter 
package. Don also provided us with the "Mission Control" sta¬ 


tion where NQ9Q (Brian) and I tracked the balloon. WB9IHS 
was a great help in choosing the battery system. He also 
provided up to the minute weather and wind forecasts from 
the weather bureau via the FAA radio club Thanks to W9DUU 
and the Indianapolis Fox Hunters, and of course to W9PRD, 
His incredible optimism allowed him to predict months in 
advance that we would have a near perfect launch on June 
4 at 9:00 a.m. 

I hope these balloon flights will help to increase ATV activity 
and give us an idea of the possibilites for ATV aboard space 
shuttles or stations. And who knows, with the experienced 
launch team we've put together, maybe NASA will give us a 
chance to help launch the shuttle! 

Editor's Note: On January 21. 1989. WB8ELK launched a 
fifth balloon which carried a small black and white Sony video 
camera and an Elktromcs color video identifier. The 
balloon rose to a peak height of just over 100.000 feet send¬ 
ing live video pictures of the southern California desert and 
the curvature of the earth from the edge of space. Bill is con¬ 
sidering making his next balloon flight a full ATV repeater.' 0 

REFERENCES 

1 Fre(JMa<<i Wf>YI WbYIRuporl Volume 11 Issue #4 February 15, 1989. pago9 
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ANRTTY 

CONVERTER 


Almost instant 
gratification for 
radioteletype buffs 

By Peter Doherty, W1UO, PO. Box 7252, Greenville, 
North Carolina 27835 


R TTY (radioteletype) has certainly changed in the past 
few years. Gone are the days of those monstrous 
mechanical machines, the Model 15,19, and 28. How 
many remember the clickety-clack of the old model 15 as it 
copied the latest W1 AW bulletin, sounding like the wire room 
of some major news network? Well, the whirring of gears and 
the printing of rolls of hard copy have been replaced by the 
silence of integrated circuits in the personal computer. Radi- 
oteletype has moved from the mechanical into the electronic 
realm. 

One thing hasn’t changed, though. The tones that are 
detected on your receiver can't key your computer directly, 
just as they can’t key a Teletype® machine directly. Likewise, 
typing on your keyboard won’t generate the tones your trans¬ 
mitter needs. As in years past, this is the job of the terminal unit 
(TU) or converter; MODEM (MOdulator DEModulator) is the 
modern vernacular. 

There are many classic TUsfrom the vacuum tube era. Old- 
timers will remember the W2PAT, W2JAV, and the Twin-City 
converters. How many of you built the one-tube converter and 
keyer (5763 and 6U8) that appeared in the Radio Amateur’s 
Handbook tor so many years? The vacuum tube TU has been 
replaced by integrated circuits that do a better job with less 
power. Two chips made by EXAR, the XR2206 and the 
XR2211, replace the 5763 and6U8. Despite their simplicity, 
the chips do a surprisingly good job of generating and 
demodulating RTTY tones. This terminal unit is meant for the 
beginner or casual RTTY operator who doesn’t want to spend 
a couple of hundred dollars on a little-used converter. 


Transmitter converter 

The transmitter converter is built with an EXAR monolithic 
function generator chip, the XR2206. The generator tone fre¬ 
quency is determined by C6 and R1 or R2 (see Figure 1). 
Depending on the state of pin 9 on the XR2206, R1 or R2 is 
part of the frequency-determining circuit. For instance, with 
pin 9 high, R1 is in the circuit and a 2295-Hz space tone is 
generated. With pin 9 low, R2 sets the mark tone to 2125 Hz. 
Potentiometer R4 sets the output level of the audio tones at 
pin 2. 

U3a acts as a buffer and inverter between the outside world 
and the XR2206 chip. Inverters are handier than straight 
buffers in this application; they make it easier to invert logic 
signals so that tones and LEDs run “right side up.” LED CR1 
blinks in time with the incoming data from the computer. You 
can see when the computer has finished sending, so that you 
don’t switch to receive prematurely. R3 sets the distortion of 
the chip to a nominal value. If you’re a purist you may want to 
substitute a 500-ohm potentiometer and adjust it for minimum 
distortion on an audio analyzer. Then you can plug the audio 
tones into an HF SSB or VHF/FM rig. 

Figure 1 also shows a simple push-to-talk (PTT) interface 
for use between your computer and radio. PTT datafromthe 
computer is buffered and inverted by U3C and drives Q1 and 
RY1.1 opted for a reed relay here because many rigs have 
different keying voltage requirements, and the reed relay will 
key just about any rig. If you find that your software is in the 
receive mode but the PTT relay is keyed, simply add another 
7404 inverter in series with U3CtogetthePTT signal right side 
up. 

The converter is powered by a plug-in 12-volt DC supply. 
The 7805 1C regulates this voltage to 5 volts for use by the 
XR2211 and 7404. 

Receiver converter 

The receiver converter in Figure 2 is designed around the 
EXAR XR2211 FSK (frequency shift keyer) demodulator chip. 
Audio from the receiver's speaker or phone jack is routed to 
pin 2 of the XR2211 through C7. Audio from the transmitter 
converter can also be applied to this point through a test switch 
to test the transmit/receive converter combination. C9 and R16 
set the center frequency of the converter. For mark/space 
tones of 2125/2295 Hz the center frequency is 2210 Hz. Resis¬ 
tor R14 or R15 in series with R13 set the bandwidth of the 
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Schematic of the transmit converter portion of the circuit. 


TABLE 1 




Receiver modem calculations 

Transmitter modem calculations 


2125/2295 Hz, 170-Hz Shift 

FI = 2295 Hz F2 = 2125 Hz 


Center frequency 

Choose a value for Rl and R2 


fo = (2125+2295)/2 = 2210 Hz 

R1 and R2 = 10 k (8.2 k + 5-k pot) 


Choose value of R16 

Calculate C6 


R16 = 20 k (18 k + 5-kpot) 

C6 = 1/(R1 x fo) 

= 1/(10000 x 2295) 


Calculate C9 

C9 = 1/(fo x R16) 

= 0.000000044 
= 0.047/iF (standard value) 


= 1/(2210 x 20000) 

= 0.0000000226 

Check values of Rl and R2 


= 0.022 n? 

Rl = 1/(C6 x fo) 

= 1/(0.000000047 x 2295) 


Calculate Rshift (R13 + R14) 

= 9.27 k 


Rs = R16(fo/FSK shift) 

R2 = 1/(0.000000047 x 2125) 


= 20000(2210/85) = 520 k 
= 20000(2210/170) = 260 k 

= 10.01 k 


= 20000(2210/425) = 104 k 

Rl and R2 fall within 


= 20000(2210/850) = 52 k 

Calculate Cl 2 

C12 = C9/4 = 0.005a<F 

range of 8.2-k resistor 
and 5-k pot 


All values are rounded to nearest standard component values. 
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Schematic of the receive converter portion of the circuit. 


XR2211; hence the shift of the RTTY signal to receive. 

R15 copies a fixed shift of 170 Hz; potentiometer R14 allows 
you to copy shifts from 85 to 850 Hz. This comes in handy 
when you leave the Amateur bands to explore RTTY on the 
commercial bands. CR3 indicates if the phase-locked loop 
(PLL) is locked onto the RTTY signal, CR4 shows that a space 
signal is being received, and CR5 indicates the same for the 
mark signal. Data out is routed through a SPDT switch mak¬ 
ing normal/reverse data available. This is helpful on the com¬ 
mercial bands, as many stations use tones inverted with 
respect to the Amateur standard. 

Design notes 

It's easy to design the converter for other frequencies. Table 
1 gives most of the necessary formulas. I’ve worked these cal¬ 
culations for frequencies of 2125/2295-Hz and 170-Hz shift. 
Just substitute the new audio tones and shift, and select the 
nearest standard component values. The potentiometers give 
you some leeway in the selection of the frequency- 
determining capacitors. Note that the signals to and from the 
converter are transistor-transistor logic (TTL) level; that is, 0 
and 5 volts. If your computer uses different levels, likeRS-232 
(-12and +12 volts), you must change these voltages before 
applying them to the converter. For the RS-232, a set of 


1488/1489 line driver/receiver chips designed for this purpose 
will do the job. An even better choice would be the Maxim 
MX232, as this chip doesn’t require an external negative bias 
supply. You can find information on using these chips in their 
data specification sheets. 

Construction 

All the components to build the converter are available from 
Radio Shack, Jameco, or Digi-Key. For the best frequency sta¬ 
bility, choose polystyrene or some other stable type for 
frequency-determining capacitors C6 and C9. These are 
sometimes hard to find; check the flea markets. I have used 
Mylar™ capacitors with good results. Rla, R2a, and R16a 
should be ten-turn pots to allow precise setting of the tone fre¬ 
quencies. The backlash of a normal pot will drive you crazy! 

I built my converter (see Photos A and B) on a Radio Shack 
prototype board and mounted it in one of their little metal 
cases. I mounted variable shift potentiometer R14 in the cen- 
terofthefront panel. Four LEDs, indicating lock, mark, space, 
andTX data are mounted on one side of the front panel. On 
the other side I put the four switches for power, normal/reverse, 
variable/170-Hz shift, and test. The wiring is audio level and 
not too critical. You may want to consider using ferrite beads 
or bypass capacitors, or both, on the computer leads to keep 
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PARTS LIST 


PHOTO A 



Description 

CAPACITORS 


CJ.C5 

1.0-tiF tantalum 

C2.C7.C11 

0.1 nF Mylar 

C3.C4 

10-tiF electrolytic 

C6 

0.047-,,F polystyrene or Mylar 

C8.C10 

0.047 ,,F Mylar 

C9 

0.022- t ,F polystyrene or Mylar 

C12 

0.0047-nF Mylar 

OEVICES 


U1 

EXAR XR2206 

U2 

EXAR XR2211 

U3 

LM7404 

U4 

LM7B05 

CR1.CR3.CR4.CR5 

LED, panel mount 

CR2 

1N4001 

RESISTORS 


R1a.R2a.R16a 

5-k ten-turn pc pots 

R1b,R2b 

8.2 k 

R3 

220 

R4 

100-k pc pot 

R5.R6 

5.Tk 

R7 

1 k 

RB 

470 k 

R9 

510 k 

R10 

100 k 

R11 

2.2 k 

R12 

4.7 k 

R13 

20 k 

RI4 

500-k pot 

R IS 

240 k 

R16 

18 k 

MISCELLANEOUS 


Switches 


SPOT 

two each 

SPST 

two each 

RY1 

Reed relay. 12 volt 

Q1 

2N2222A 


the computer interference out of your radio and vice versa. 
I didn't find this necessary in my application. 

Lacking a better method, I typed the front panel label on 
heavy card stock and attached it to the front panel with wide, 
transparent packing tape. It’s crude but effective. I just couldn t 
picture myself squeezing all those rub-on letters into such a 
small place. 

Alignment 

The easiest way to align the transmitter section is with a fre¬ 
quency counter. Connect pm 1 of the 7404 to 5 volts through 
a 1 -k pull-up resistor (pin 9 of the XR2206 goes low) and adjust 
R2a for the mark tone of 2125 Hz Ground pin 1 of the 7404 
(pm 9 of XR2206 goes high) and adjust Rla for a space fre¬ 
quency of 2295 Hz. If your software has inverted mark/space 
tones, adjust Rla for the mark tone and R2a for the space 
tones. 

If you don't have a frequency counter, you can use an audio 
source of known calibration and an oscilloscope. A calibrated 
converter from a friend would be a good source, Feed the 
calibrated tone into the horizontal amplifier and feed the 
uncalibrated tone into the oscilloscope vertical amplifier. Now 
adjust the proper pot in the converter until the pattern 



The completed converter. 



Internal view of the converter. 


becomes a perfect circle, indicating that the tones are the 
same frequency. Do this for the mark and then the space fre¬ 
quencies. (These oscilloscope patterns are called Lissajous 
figures: the technique is described in any radio handbook.) 

To calibrate the receiver, first set the fixed/variable switch to 
the fixed position. Next, connect an ohmmeter to read the 
combined resistance of R13 and R14 Ad|ust R14 to full resis¬ 
tance (a combined total of 520 k) and mark the front panel 
knob for 85-Hz shift Now adjust R14 for a total of 260 k and 
mark the panel for 170-Hz shift A resistance of 104 k equals 
a shift of 425 Hz and a resistance of 52 k equals a shift of 850 
Hz These are the most commonly used shifts on the short¬ 
wave bands. (This adjustment isn't very important) With the 
fixed/variable switch in the fixed position and no signal pres¬ 
ent, disconnect C8. short pm 2 to pm 10 of the XR2211. and 
attach a frequncy counter to pm 3 Set the frequency to the 
center frequency (2210 Hz) with potentiometer R16a. Remove 
the short and reconnect C8. As before, if you don't have a fre¬ 
quency counter, feed a known RTTY signal into the input and 
adjust Rl6a for a clean copy on your computer 
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ALL NEW KITS 



FREQUENCY COUNTERS 


MHz 


RAMSEY ELECTRONICS 

Quality Test Gear & Electronic Kits for Professionals and Hobbyists 


COM-3 


I ^ . 

S49 9 5 


ACtf*wr 

Wfk'IHlB 


THE COMMUNICATIONS 
SO^QSOO SERVICE MONITOR THAT 
^ ^ ^ ** WORKS HAROER FOR LESS. 

Introducing COM-3 the new service momtoi designed by service 
technicians tor service technicians It works harder tor less giv- 
"io you advanced testing capabilities at a very allordable price 
FEATURES • Direct entry keyboard with programmable memory 
• Audio f> transmitter frequency counter • LED bar graph tre 
ijwmcy/error deviation display • 0 1-10 OOOmv output levels • 
High receive sensitivity less than 5nv • 100 KH/ to 999 9995 MH/ 
Continuous tiequency coverage • Transmit protection up to TOO 
watts • CIS tone encoder 1 KH/ and external modulation 


*6995 


58995 


PR-2 COUNTER 
PREAMP 

IN PR-? 4 <Ot* 1 to' measuring util 
MnM from » to 1 000 MH/ • fiat 
25 (Jft gam • BMC cwwwcto'i • rn I 
•©» VhNmQ W • adool iKr«t' r V 
pump • ] (ft NT 


PS-2 AUDIO 
MULTIPLIER 

IN PS-? it naisdy 1o< toQfi ■ (solution j 
auWO 'evolution measurement* 
mult.pi*tUp m tr(Qu*ncy • gr«at fr* | 
Pi Ion measurements • multiple* 
by X) o* X)0 • 0 01 H; '«sotol*on A 
butlf-in v*gna' preamp conditioner 


PS-IOB 1.5 GHz 
PRESCALER 

E ■ tend* in f ange ot you* present 
counter 10 1 5GM/ • 2 U 191 preamp 

• divide by MOOCNOHtry • super 
n^iiiry* iso my tyncon • BNC 
connector* • I Sum/ m 1 5 Mm/ t 

• d"ve* a*»y counter 


MINI KITS-EASY TO ASSEMBLE-FUN TO USE 


Ion Decod* 

wiaswgle PC board features 400 MOD 
H;4d|uUADlc’ange vu?Oturnpof volt 
age regulation 567 C ihetot to* touch 
tone bunt detection IS* etc Canjho 
he uw it 4 MaWe tone mcixyi Hun* 
on 5 to!? volt* 

ComptetrM TD-1 S5.95 

40WAIT *mtr 

PWRAMf 

Simple Clio) C power amp teaiu'r *6 
lime* powr ' gam 1W m 1o* 6 t»..t ? W n 
A .o loi 40 W Out Ma* 'zutpui 
ntbOW incredible value complete With 
■inJM'I n lev* case and! R relay 

PA 1 AOWpytf ampkit S27.95 
TR l Rf vonsed I R '(Uv kit 6.95 


See bu.s* cow alive* 3 
diMfem light* flicker 
withrnujic One tight 
eat Mix high mid'angv 
and tows lachmdividu 
4 lly ed|u*tabir and 
doves u p to MOW 'uns 
MfVtfNC 

mm, $8.95 


VOICE ACTIVATED 
SWITCH 

VO'tr activated switch 
k it provide switched 
Output wth lurrenl C4 
pebilrty up tu 100 mA 

Can drive relays ugnts 
LEO Or even a tape 
'KO'de'molo' Rum on 
9V0C 


viotomoouiAto* 

ConveMsanytV to vMeo monitor Supr r . Q( . 
stabir tunable Over ct>46 fcimof'S r v >/.oJ 
accepts std video signal Best unit on in 


LEOBIMHTRIT 

Ailrrnjfft# flasNs? 
jumbo If 0* Use for 
name badges Dutton* 
•j/niogpjhd '.guts 
Rumen Jio *5 volt* 

, $2.95 


UNIVERSAL TIRMR 

Provides in t*** pom 

and PC beard required in 
provide a sou’ceolpif 
ervontimmg and pulse 
generation Uses 555 
iMNf 1C and includes a 
'ange ot parts tor most 

uTs* $5.95 


MAO tlASTER 

PtodocmOUD-j |MU 
•r«ing and anmi-o i gri 
hngvimiikruMd Can 
supply up to IS nans ot 
tf 6 nnjiou»awl»c Khh 


WHISPER LttHI 

An ihfrfiling *•! small 
mi4«p«rt\upiou><ds 
•ndeonwtltfNmto 
HflM In owdr rue 
sound Ihcbngntr IN 
light lniiuJr*m.»r ton 
I*Ol% up to 300 W lunsor 
HO VAT 

Ai '»■• $6.95 



SHUN 

Produces up*a'<? anc 
donnna'd «a<i 5W 
prah 4ud»u output >un* 
on 3 t5 zoits uses 3 45 
ohm sprat e* 

t.ompHtf *it SM J 

$2.95 


SUPER 

SLIUIH 

* I ^ | • . 

pm drop at tSlaol'Giral 
to* monitoring baby' 
rnomo* asMnr'aipu- 
pPWAmpwfcef I i.il .’W 
•ins output iumon6to 
1S»otf, usa> A 45 o**m 
speak,’ 

HR 9Rit $5.95 1 

DON/TIME DASE 

RumonS ISVUC 
Low(u"ant i?5mui 
I mm munt'i acco'acy 

IB*,,r $5.50 
$9.95 




NEW 


NEW 


IlLEPHONE 

IRANSMITIER 

low cost with protos 
Morvalpf'to'inance fra 
turrtmtludr sell phone 
iinepowenrd tunaWr 
l'om7»i IoWOMm/ 
polarity ar.risrnsiti*, 
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SPEECH SCRAMBLER 
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TERMS: • ululacliofi guaranteed • naming lw 10 days; II 
not pleased return in original lorn tv refund • add 8*, lor 
shipping and insurance le a Maximum ol SIQOO • foreign add 
1SS lor surface mail • COO add *2 50 1 COO In USA only) • 
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labor warranty on all wired units 

RAMSEY ELECTRONICS. INC.. 2575 Baird Rd. Penfield. N.Y. 14526 
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QRP TRANSMITTER KITS. 40 & 80 METERS 
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Sensitive all mode AM CW SSB 'ec* *r-) 5 40o' 70 75M«/ Ottect t nrs vet sign flevgr 
using WKl' C as leatomd ih 051 am* ARHl handtmoks I ess than t »>v sensilnnly varatlo* 
dtode tuned 50 mw auflKi output Run'.nn9V0C has HI gamcunlrol list*, kit is very easy lo 
bund lots ot tun and ettoc.tt<0'<4' -it,a' to' tne beginner o* IN oKJ pio IN optional maiding 
caw kit features a -ugged ABS piasl 11 ase witn screened grapt«\ Included a>e machmed 
atommum knobs tor a *«U tinrvhed protosvunal took 


40 Meier **c r ,ri 80 M* '■ 

*24.95 . 


*24.95 *12.95 


BROADBAND 

PREAMP 

A sensitive an purpose 
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HIGH POWER FM 
WIRELESS MIKE 
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2 MTR & 220 BOOSTER AMP 


f W ' ** 

• 30 WATTS OUTPUT 

• LOW NOISE PREAMP 

• LOW COST 

• RUGGED CAST ALUMINUM 
CASE 

• ONE YEAR WARRANTY 


Here s a great booster for arty 2 metet or 220 
MH/ hand held unit Ihese power boosters 
deliver over 30 watls ol output allowing you 
to hit the repealers lull quielmg while the low 
noise preamp remarkably improves recep¬ 
tions Ramsey Electronics has sold thou 
sands ol 2 mir amp kits but now we offer 
completely wired and tested 2 mu as well 220 
MH/ units Both have all the features ol the 
fugh priced boosters at a traction of the cost 
PA 10? MTR POWER BOOSTER 110X power garni 

Fully wired & tested »995 

PA 20220 MM/ POWER BOOSTER ifl X power gain! 

Fully wired & tested $59 95 
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Operation 

Once the tones are adjusted in the transmit portion, the only 
other adjustment you need to make is to the output level R4 
takes care of this. Set your software into the transmit mode and 
feed the tones into the mic jack of your transceiver through 
the appropriate connector. You should be in LSB mode. Set 
R4 to midscale. Now adjust the mic gam on your rig, along with 
R4 for the proper RF output level on your transceiver. Remem¬ 
ber that RTTY is a 100-percent duty cycle mode, and many 
transceivers are not designed for continuous output. You may 
have to back down on the output until you attain a safe level. 
In an FM radio you just have to adjust R4 until you reach the 
proper deviation without clipping in the mic circuit. 

To tune in an RTTY signal, first check out the ham bands 
around3.6or 14 1 MHz where most signals will be operating 
170-Hz shift. As you tune through an RTTY signal, the PLL 
lock, mark, and space lights will flicker. As you approach the 
center of the signal, the PLL lock light will suddenly glow with 
full brilliance. The mark and space lights should be flickering 
evenly. A slight adjustment of the VFO on your receiver will 
result in copy on your computer screen. 

If the lock light is lit and the mark/space lights are flickering 
but you don't have clean copy, try the normal/reverse switch 
If you are properly tuned to an RTTY signal that's not keying, 
the PLL lock and mark lights should be lit. If you're new to 
RTTY, it will take a while to get the hang of tuning in the sig¬ 
nals. It may also take a while to get all the software and con¬ 
verter connections running right side up, using the proper 
options of your software and/or inverters in your converter On 
FM, it's only a matter of adjusting R16a on the receiver con 
verter until clean copy occurs while receiving an RTTY signal 

When you start cruising the shortwave bands in search of 
commercial stations, operation will take a little more savvy 
Here are a few hints. You probably won’t know the shift of the 
shortwave station. Tune in the signal until the tones sound 
"about right." Flip the fixed/variable shift switch to variable 
Then rock the variable shift potentiometer until the PLL lock 
lights and the mark/space lights blink evenly. Odds are good 
that the station will be running one of the standard shifts 
marked on the front panel. Now it’s time to try the nor¬ 
mal/reverse switch and different speeds in your software. After 
a short time, you'll be able to recognize the shift, the speed, 
and whether the RTTY signal is in Baudot or ASCII simply by 
the sound. 

Concluding remarks 

If you're just interested in listening, it's not necessary to build 
the transmit section. The receive converter is a simple device. 
It won't rival a full-blown unit with separate mark and space 
fillers. However, it does a good job on the crowded Amateur 
bands as long as the interference isn't too severe. Commer¬ 
cial stations tend to operate on clear channels, so the results 
with these have been very good. Of course, the quiet environ¬ 
ment of VH F/FM is the ideal situation for this converter. Despite 
the fact that an RTTY contest on 20 meters on a Sunday after¬ 
noon will probably crush the little converter. I've had many 
enjoyable QSOs on both 20 and 80 meters in less than clear 
channel situations. I have also used it to copy bulletins in ASCII 
from W1 AW. I use this converter with a Commodore 64 and 
Kanlromcs Hamsoft Software. Gone is the mechanical thun¬ 
der of the Model 15. 03 


Satellite TV is still full of the wonderment that 
made it so popular in the early '80s. The 
tinkerers are there, the programming is 
there, and never has the cost of becoming a 
dish owner been so low. 

So, how do you find out about this exciting 
entertainment? 

Through publications devoted specifically 
to satellite TV, that's how! 


America’s Weekly Guide To Satellite TV 

OnSat is unsurpassed for the most up-to- 
date listings of satellite programming. Dr. 
Dish, Mailbag, and the Transponder Service 
Watch are all geared to help you make the 
best use of your satellite TV system. A 
sample issue can be obtained for only $1. 


STVmi 


The Complete Monthly Guide To Satellite TV 

STV Guide contains over 300 pages of 
programming information, product reviews, 
home troubleshooting, and information 
about satellite TV. A sample issue can be 
obtained for only $2. 

Both OnSat and STV Guide contain listings 
for over 120 channels and Prime Time Grids 
for over 50 channels. Subscribe to either the 
weekly OnSat or the monthly STV Guide for 
only $48 per year. 

To start receiving the best in satellite TV 
guides and information, call toll-free 
(800) 234-0021. VISA" and MasterCard" 
accepted. 


STV Guide/OnSat 

PO Box 2384 • Shelby, NC 28151-2384 
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THEN05H 

ALL-BAND DIPOLE 

Easy to build, 
easy to move 
antenna 


Gary L. Elliott, N05H, 41200 Highway 933, 
Prairieville, Louisiana 70769 


M y line of work requires that I move to a new loca¬ 
tion every four or five years. This means I'm con¬ 
tinually taking down or putting up antennas. As 
a result of this, I am always looking for a wire-type antenna 
that's easy to construct and get working. 

I enjoy working all the HF bands from 160 through 10 
meters and do most of my operating on 160 and 40 meters. 
My goal was to design a coax-fed dipole antenna that was 
simple to build and fit into a 198-foot space. 

Description 

My antenna design is neither new nor unique. But I’ve 
never seen it written up in any of the Amateur publications. 

I built a 3/2-wavelength dipole cut for the center of the 
40-meter band and fed with 75-ohm CATV coax through 
a half-wave matching section of 300-ohm or open-wire line. 
Why a 3/2 antenna cut for 40 meters? I wanted an antenna 
that would operate on 160 meters as a dipole, and in an 
inverted “V” configuration. I didn't want to resort to traps 
or to tying the feeder wires together, as you would when 
using a short dipole as a “T’-type antenna. I wanted the 
advantage of a dipole, in a length shorter than full dipole 
size 

If the antenna I’ve described sounds like a G5RV-based 
design, it should. The G5RV is also a 3/2-type dipole, except 
that Louis Varney, G5RV 1 designed his dipole to a 3/2 wave¬ 
length at a frequency of 20 meters. Like the G5RV, my 
antenna is an all-band 160 through 10 design, but it has 
certain advantages because of the longer length of the 
dipole. This longer length allows full-dipole and/or long-wire 
performance on all bands from 160 through 10 meters; you 
don’t need to tie the feeders together for 160-meter opera¬ 
tion. 


Operation 

The N05H antenna operates in the following configura¬ 
tions on the accompanying bands: 

• shortened half-wave dipole on 160 meters 

• two half waves in phase on 75 meters 

• a 3/2-wavelength dipole on 40 melers 

• two full waves in phase on 30 meters 

• two long wires each 3/2 wavelengths long on 20 meters 

• two long wires each 2 full wavelengths long on 15 
meters 

• two long wires each 5/2 wavelengths long on 12 meters 

• two long wires each 3 full wavelengths long on 10 
meters 

All-band coverage (including the two usable WARC bands) 
is achieved easily with this simple antenna configuration. 

Construction 

The flat-top portion of the antenna is 203' long; each half 
of the flat top is 101'6" in length. The formula I used is: 2 


r = 14514 
f (MHz) 


( 1 ) 


The matching section is made from 53'6" of 300-ohm twin 
lead with a velocity factor of 82 percent (in my case). When 
the formula is used this way it becomes. 3 


468 

f (MHz) 


x .82 


(2) 


I used a run of 75-ohm CATV RG-6 coax to the antenna 
tuner in the station. 

This antenna design has some unique features that set 
it apart from similar antennas. I use CATV RG-6 coax with 
100-percent aluminum shield,* along with a long shank F- 
type cable connector at both ends of the coax. The F-type 
connector requires the use of a compound jaw crimping 
tool. The antenna is as simple to build as any other dipole, 
and using F-type connectors on the coax makes the assem¬ 
bly process even easier. 


‘Radio Shack, RG-6 CATV coax p In 278-1324 
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Once the 203' flat top is laid out and the center insulator 
installed, attach the 53'6" matching section by soldering 
it in place at the center insulator. I installed an SO-239 chas¬ 
sis connector at the other end of the matching section. One 
wire of the matching section is soldered to the center pin 
and the other to a solder lug bolted to one of the corner 
mounting holes. The connection needs to be sealed from 
the weather by whatever means you generally use. I 
installed a long shank F-type connector** on the end of the 
RG-6 coax and coiled the coax into a 6" diameter 11-turn 
choke coil. Then I attached a female F to PL-259 adaptor*** 
to the F connector on the RG-6 coax. This lets you run the 
coax to the station antenna tuner after the antenna is raised 
to its operating position. When you connect the coax at the 
station end it’s good to allow a little extra; you may have 
to shorten the coax run a bit if you encounter a hard-to- 
load condition on one band. Figure 1 gives dimensional 
details for the antenna. 

Some of you many wonder why I used CATV-type RG-6 
coax and F connectors for an Amateur antenna project. 
The better quality RG-6 has the same loss per hundred feet 
as RG-213 coax and lower loss than RG-8X coax at a 
cheaper price per foot than the others. RG-6 cable is also 
100 percent shielded. The coax has an aluminum shield 
which is not intended to be soldered, and that’s why I used 
the F connector. Using this connector at the 200-watt level 
hasn’t presented a problem. In fact, using the crimp on the 
long shank F connector makes trimming the lead-in much 
easier if a loading problem occurs on one of the bands in 
use. 

I think we all need to be more innovative when it comes 
to antennas and feed systems. Those who operate at VHF 
and UHF learned long ago to use CATV hardlines and 
cables because of the lower loss. Fifty ohms doesn't have 
to be the magic number for most applications. Many sta¬ 
tions now use antenna tuners or rigs with built-in tuners to 
control the SWR that their solid-state rigs feed into. So don’t 
be afraid to give other cables or connectors a try; you may 
find that they do make antenna projects easier and more 
fun. 

Conclusion 

The antenna can be mounted either as a horizontal dipole 
or an inverted V. In my case, the antenna is in the inverted 
Vee configuration with the apex at about 50 feet and the 
ends of the antenna about 10 feet off the ground. 

Does it work? Comparisons with my regular G5RV show 
improvements on all bands. The greatest are seen on 30 
through 10 meters. On 40 and 80 meters I find that the 
improvement depends on the distance and propagation of 
the signal being received. 

One thing I can't stress enough is that both this design and 
the G5RV require the use of an antenna tuner. Take time to 
read Louis Varney's comments on the G5RV design in the 
ARRL Antenna Compendium, Volume One. 4 Even at the 3/2 
design frequency with the half-wave matching section, the 
feedpoint impedance is still a little over 100 ohms. Oh the other 

"Radio Shack, gold-plated CF-56 type F connectors p/n 278-225 
•"Radio Shack, PL-259 plug to female F connector p/n 278-258. 



Dimensional details of the NQ5H all-band antenna. 


bands the feedpoint impedance varies because of the com¬ 
plex loads presented by the antenna, resulting in the need for 
an antenna tuner. My design and the G5RV are efficient all¬ 
band antennas that can be coax fed. EJ3 
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ISSUE IN HAM TV TODAY? 
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AMATEUR TELEVISION 
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1 Year $15 U.S., $20 Canada, $25 Elsewhere 
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PRODUCT REVIEW 


Digitar’s Model PCW 
Weather Station 

Now you can have your own advanced com¬ 
puter weather station Digitar's Model PCW 
automatically monitors and tracks local 
weather conditions on your MS-DOS com¬ 
puter. 

The weather station comes with a wind vane 
and speed sensor and all mounting hardware. 
Also included are two remote temperature sen¬ 
sors, a plug-in computer card, basic operat¬ 
ing software, 12 volts AC power adapter, and 
complete documentation. The PCW’s VLSI on¬ 
board microprocesser generates instant 
weather data on the computer screen. It shows 
current temperature (inside/outside); baromet¬ 
ric pressure; wind speed, chill, gust, and direc¬ 
tion, high and low temperature over a 24-hour 
period; and clock calendar. An optional rain 
collector is also available. 

The PCW has programmable alarm set 
points for time, high wind speed, and high 
and/or low temperature. When any set points 
are reached, the PCW card sounds an alarm 
(even when the computer is shut off) using its 
own power supply. 

The optional PCWPRO software package, 
an advanced controller, makes the PCW 
weather station a sophisticated monitoring and 
data logging program It can display each 
function in graphic form and saves data to disk 
on the hour and half hour. Both the PCW and 
the PCWPRO can be placed in the computer's 
background to allow use of your PC for other 
functions, such as logging OSO's or word 
processing. You can return to it by typing a 
user-selected key sequence. 

The instructions were extremely easy to fol¬ 
low, explaining in simple terms how to con¬ 
figure the board to work with your PC. The 
PCW plug-in board accommodates different 
computer configurations. 

The enhanced PCWPRO software is 
designed with open architecture and prede¬ 
fined system calls. User-written programs may 
be designed to interface the PCW Weather Sta¬ 
tion with other computer applications. 

The PCW weather station sells for $299, the 
PCWPRO enhanced software for $99.95, and 
the optional RG-2 rain collector for $49.95. All 
are available from Azimuth Communications, 
Corp., 11845 W. Olympic Blvd., Suite 1100, Los 
Angeles, California 90064. 

de N1GCF 
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Ameritron RCS-4 and 
RCS-8V 

Over the last ten years, the price of coax¬ 
ial cable has jumped significantly due to 
the high cost of raw materials. Hams with 
long, multiple feedlines know how expen¬ 
sive several runs of coax can be. 

However, Ameritron has two ways to 
overcome this problem. The RCS-4 will 
switch four antennas and doesn't require 
extra cabling to operate. The RCS-8V 
switches five antennas and requires an 
external control cable. 

The RCS-4 is elegant in its simplicity. The 
relay box contains three relays that are 
switched by voltages fed Ihrough the coax¬ 
ial feedline. With no voltage present, the 
antenna selected is no. 4. As you switch to 
the other antennas from the control box, 
either DC +, DC -, or AC is fed into the 
coax to turn on the appropriate antenna 
relay. 

Three 0.01-/<F capacitors and a radio fre¬ 
quency choke isolate the station from the 
antennas at the control box and the relay 
voltages from the antenna lines. The three 
relays have 10-A contacts and are rated at 
50-ms switching time. A small air spark gap 
is mounted on the relay box circuit board 
to bleed off any static charges that could 
accumulate. Additional lightning protection 
is recommended through coax loops on 
all feedlines. 

To use the RCS-4, insert the control box 
into your shack's feedline just before it goes 
outside and connect the relay box to the 
end of the feedline. Connect your antennas 
to the relay box and you're ready to go! The 
antenna selector switch has red LEDs that 
indicate which antenna is selected. Make 
sure that the relay box is installed with the 
connectors down and that you do not 
attempt to further weatherseal the unit. 
Water will accumulate if you do, and even¬ 
tually the unit will have problems. The relay 
box can be mounted anywhere that's con¬ 
venient for you. Its rugged construction 
ensures you'll have minimal problems after 
installation 

Insertion loss is less than 0.05 dB under 
30 MHz and the insertion VSWR is under 
1.1:1 from 18 to 30 MHz. The unit is 
designed to handle 1500 watts and 2500 
watts PEP maximum One word of warn¬ 
ing — never attempt to switch while trans¬ 
mitting! If you do, you risk losing the switch 

The RCS-8V gives you several advan¬ 
tages over the RCS-4. It will handle greater 
power, it’s rated at 4 KW below 30 MHz (1 
kW PEP at 148 MHz), and works from 1.8 
to 220 MHz with negligible insertion loss 
and only a slight additional loss at 450 


MHz. This greater flexibility is gained 
through use of an external control line to 
switch antennas. 

You can use any wire to control the 
switch. As long as the conductor to ground 
return resistance is less than 80 ohms, the 
unit will operate normally. Five or 8- 
conductor rotor wire is usually the easiest 
to get and use. To set up the switch con¬ 
nect at least a 5-conductor control cable 
between the relay box and the control box 
in the shack. (Make sure that the wires are 
connected in proper sequence.) 

The RCS-8V gives you the ability to select 
more than one antenna at a time. For 
instance, if you're running stacked beams, 
you can wire the switch to select either the 
upper or lower antenna or for additional 
gain, or both antennas at the same time. 

The switch can also be used to select either 
five antennas for one rig or five rigs for one 
antenna. Versatility is limited only by your 
needs. 

The RCS-8V will switch in less than 50 
ms and uses heavy-duty 10-A rated relays. 

The relays are isolated so that you can 
switch two antennas simultaneously. How¬ 
ever, I recommended that you ground the 
antennas when they're not in use. 
Ameritron provides the information on how 
to modify your switch. 

These two products are constructed from 
high quality rugged parts and will give 
years of service. The relay boxes for both 
the RCS-4 and RCS-8V are made from 
steel enclosures for 100-percent shield 
coverage and TVI/RFI protection. Whatever 
your needs, one of these two switches will 
work for you. See your local Ameritron 
dealer for more information. 

de N1ACH 

Circle #302 on Reader Service Card. 

Cushcraft A4S four- 
element, HF Triband Yagi 
antenna 

Looking for an antenna lo maximize your 
signal on 20 through 10 meters? Cushcraft’s 
A4S four-element tribander is more than up 
to the task. 

In keeping with Cushcraft's history of high- 
performance HF Yagis, the A4S is a true win¬ 
ner. Offering triband coverage with three ele¬ 
ments each on 10, 15, and 20 meters, the 
A4S has been optimized to provide excellent 

(continued on page 86) 
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•FM EXCITERS: .'7^AntV -^2 

Kits$99.W/t $ 179 2W 

continuous duty. TCXO& \v i. JHl/ 

xtal oven options available , '' y•'$$%/ 

•TA51 tor 16M, 6M. 2M. K'LA. / • „ ^VY J 

156-174, 22# MHz. JWffjf 

•TA451 foruhf. 

FCC type accepted for commercial bands -—/ 

•Call for latest information on 900 MHz transmitters. 

•VHF & UHF AMPLIFIERS. For FM. SSB. ATV. Output from 10 
to 50 Watts. Several models, kits starting at $79 


•R144/R226FM RECEIVERS for 2M. ’ 

150-174. or 220 MHz. GaAs FET fzMr£ / 

front end. 0 . 12 uVsensitivity! j wflnfujnSftjrin, / 

Both crystal & ceramic j^ajfM TfyfTffl QvW 

filters plus helical resonator Sur-tla 

front end for exceptional ^I 

selectivity: > 100dB at ± 12kHz / 

(best available anywhere)! 

Flutter proof squelch. AFC tracks k-2”r> y* % ‘7 

drifting transmitters 4 / 7 ^- 2 _/ 

Kit $149, w/t $229. u 

•R451 UHF FM RCVR. Similar to above. Tuned line front end. 
0 25uV sens. (O.luV with optional hel. res. preamp). Kit $149. 
w/t $229. 

•R961 FM RCVR FOR 966 MHZ. Triple-conversion. GaAs FET front 
end, 0.2uV sens. Kit $169. w/t $259. 

•R76 ECONOMY VHF FM RCVR for 10M, 6 M. 2M. 220. Without hel 
resorafc. Kits only $129. 

•Weather satellite A AM Aircraft receivers also avail. 


FEATURES: —J 

• SENSITIVITY SECOND TO NONE! GaAsFET front end on vhf 

models gives 12dB SINAD of 0.12uV (vhf). 0.15uV (220). UHF model 
0 25uV std. 0.1 uV with optional helical resonator preamp. 
•SELECTIVITY THAT CAN'T BE BEAT! Both 8 pole xtal filter & 
ceramic filter for > 160dB at only ± 12kHz. Helical resonator front 
end to combat desense & intermod. 

•CLEAN, STABLE TRANSMITTER, up to 18W output standard; 50W 
with accessory power amplifier. 

•FCC TYPE ACCEPTED for commercial high band and uhf. 

•Courtesy beep, field-programmable CWID. flutter-proof squelch, 
automatic frequency control to compensate for off-frequency trans¬ 
mitters (all standard features). 

•Full range of options available, such as autopatch, phone line or 
radio remote control, sub-audible tones, duplexers. 


• Send $1 for 36 page catalog by return mail. 

(Send $2.00 or 4 IRC'» for overseas mailing) 

•Order by phone or mail • Min $3 S & H per order 

•Use Visa, Mastercard, Check, or UPS COD. 


liamt, 


Our a 26th Year 


amironics, me. 

65-H MOUL ROAD* MILTON NY 14468-9535 
Phone:716-392-9430 HmmtroM ct a /> a raglatarad tr md ommrh 


THE MOST AFFORDABLE 

REPEATER 

ALSO HAS THE MOST IMPRESSIVE 

PERFORMANCE FEATURES 

(AND GIVES THEM TO YOGAS STANDARD EQUIPMENTI) 


GaAs FET PREAMPS 

at a fraction of the cost of 
comparable unitsl 


LNG -(*) 

GaAs FET / 
PREAMP / 

ONLY $59! 

Wired/tested 


HIGH PERFORMANCE TRANSMITTERS 
& RECEIVERS FOR REPEATERS 
AUDIO & DIGITAL LINKS, TELEMETRY, ETC. 


FEATURES: 

•Very Low Noire: 07dB VHF. 0 8dB UHF 
•High Gain: 13 20dB. depending on frequency 
•Wide Dynamic Range: to resist overload 
•Stable: new type dual gate GaAs FET 

* Specify tuning range desired 26 30. 46 56. 
137 150. 150 172 210 230. 400 4 70. or 
800 960 MH: 


A , LNW -(*) 

MINIATURE 

GaAsFET 

PREAMP 

0NLY$24/kit, 
$39 Wired/tested 

GaAs FET Preamp 

similar to LNG. except designed for low cost 
& small size Only 5/8‘W * 1 5/8‘L * 3/4"H 
Easily mounts m many radios 
• Specify tuning range desired 25 35. 35 55 
55 90. 90 120 120 150. 150 200 200 270 
or 400 500 MH: 


LNS-(*) 

IN-LINE [' 
PREAMP L 


FCC TYPE-ACCEPTED TRANSMITTERS A RECEIVERS AVAILABLE 
FOR HIGH BAND AND UHF. CALL FOR DETAILS. 


ONLY $79/klt. 

$99 Wired/tested 

GaAs FET Preamp with features simitar to LNG 
series, except automatically (witches out of 
line during transmit. Use with base or mobile 
transceivers upto25W 

’Specify tuning range desired 120 ITS 
200 240 or 400 500 MH/ 


HELICAL RESONATOR 
PREAMPS 


Low noise preamps with helical resonators 

reduce intermod & cross-band interference in 

critical applications 

MODEL HRA-CI, $49 vhf $84 uhf 

• Specify tuning range desired 142 ISO. ISO 
16 2. 16 2 IT4. 213 233. 410 454. or 454 475 


ACCESSORIES 


COR-3 REPEATER CONTROL¬ 
LER kit Features adjustable tail 
& time-out timers, solid state 
relay, courtesy beep, and local 
speaker amplifier $49 

CWID kit Diode programmed, 
adjustable tone, speed, and timer, 
to go with COR-3 $59 

NEW COR-4 kit Complete COR 
and CWID all on one board for 
easy construction CMOS logic 
for low power consumption 
Many new features EPROM pro¬ 
grammed; specify call letters $99 

NEW TD-3 SUBAUDIBLE TONE 
DECODER/ENCODER kit $24 

TD-2 DTMF DECODER/CON¬ 
TROLLER kit Full 16 digits, with 
toll-call restrictor, programmable 
Can turn 5 functions on/off. Great 
for selective calling, too' $79 

AP-3 AUTOPATCH kit Use with 
above tor repeater autopatch 
Roverse patch and phone line 
remote control are std. $79 

AP-2 SIMPLEX AUTOPATCH 

Timing Board kit Use with above 
for simplex operation S39 

MO-202 FSK DATA MODULA 

TOR kit Run up to 1200 baud 
digital signals through any fm 
transmitter with full handshakes 
Radio link computers, telemetry 
gear, etc $39 

DE-202 FSK DEMODULATOR 

kit. For receive end of link $39 

9600 BAUD DIGITAL RF LINKS 

Low-cost packet networking 
system, consisting of new MO-96 
Modem and special versions of 
our 220 or 450 mHz FM Trans¬ 
mitters and Receivers Interface 
directly with most TNC's Fast, 
diode-switched PA's output 15 or 
50W Call lor into on the right 
system lor your application! 


RECEIVING 

CONVERTERS 


uuc IMI1I 26 JO 

144 146 Jl >0 

MODELS |4$ Ilf 26 K> 

Kit with Cast 159 !«•»«• »■*> 

Kit ittt Cam 539 £2 

Wired w-cjm S89 in 224 2 * >0 

UHF MODELS 0,4,4 10 

Kit with Cate $69 aho* 144 i4t 
Kltl«$»Cm $49 412 416 so M 

»*> «;•« 
•02*22 4 JO 450 

See catalog for full line of 2* transmitting 
conveners for vhf A uhf Hits only % 79 
Linear Amplifiers avail up to 50* 


^ 165 










(continued trom page 84) 

bandwidth (greater than 500 kHz on 10 
meters) and the maximum obtainable gam 
and F/B ratio Cushcratt rates the antenna at 
a nominal 89 dBd of forward gam and 25 
dB Iront io back ratio The maximum power 
rating is 2000 watts PEP 
Construction of the A4S is simple and 
straightforward when you use the instructions 
included with the antenna The 18-foot boom 
comes in three 6-foot sections The stainless 
steel hose clamps and bolls provided to pin 
the sections prevent boom rotation The ele¬ 
ments are constructed of telescoping lengths 


of aluminum, weatherproof traps, and stain¬ 
less steel hardware for a rugged and dura¬ 
ble installation It took us just under an hour 
to pul the antenna together 
Replacing HAM RADIO'S 12-year-old 
antenna with the new A4S took only a half 
hour The A4S weighs 37 pounds and can 
be handled easily by one person A light and 
manageable antenna is always a |oy lor work¬ 
ing on a tower and the A4S is no exception 
for ease of installation 
Cushcrafl also has an add-on kit available 
for 40 and 30 meters The additional traps 


are installed at the end of the driven element 
The kit is then set for either 40 or 30 meters 
Our old Cushcrafl antenna had always 
held its own, both in DX pileups and in state¬ 
side QSOs The new A4S has demonstrated 
that it is capable of maintaining the perfor 
mance tradition Band conditions permitting. 

I was effortlessly able to work anything I 
heard If you are looking for good perfor¬ 
mance, the A4S is an excellent choice Retail 
price is $525 

de NB1H 

Circle 11303 on Reader Service Card. 


NEW PRODUCTS 


UI-7 FM module for IC-725 
and noise-reducing power 
cord 

The UI-7 is an FM module which allows AM 
transmit with the IC-725 transceiver Suggested 
retail price is $71 99 

Also available is the CP-11, a cigarette lighter 
power cord with a built in noise reduction filter 
Suggested retail price is $1899 

Contact ICOM America, Inc.. 2380 116th Ave¬ 
nue N E , PO Box C-90029. Bellevue, Washing¬ 
ton 98009 9029 

Circle #304 on Reader Service Card. 


New Software for MN and 
Yagi 

The new MN (enhanced version of the U S 
Navy's MININEC) program lor IBM PC and com 
palible computers will analyze almosl any 
antenna made of wire or tubing MN computes 
antenna forward gain, front lo-back ratio, beam 
width, sidelobes. angle of radiation, current, 
impedance SWR near fields, and far fields 
Antennas may be modeled in free space or over 
real earth It plots antenna radiation patterns in 
polar or rectangular form on CGA, EGA. or HGC 
graphics screens Hard copies of the plots may 
be made for nearby antennas or structures, 
allowing detailed analysis ol stacked arrays The 
51/4 inch MN disk contains over 100 files, mclud 
ing libraries of antenna and plot files, a file edi¬ 
tor and documentation The program costs $75 
($80 in Canada and foreign countries) 

YO Yagi Optimizer Software 

The new YO program for IBM-PC and com¬ 
patible computers automatically ad|usts the ele¬ 
ment lengths and spacmgs of a Yagi design to 
maximize forward gain, optimize pattern, and 


minimize SWR Radiation patterns at the center 
and edges of a band, and a scale drawing of 
the antenna, are plotted on CGA. EGA. or HGC 
graphics screens during optimization Hard 
copies of the plots may be made on dot-matrix 
printers YO computes several trial designs per 
second lor small Yagis, with an optional math 
co-processor chip installed Yagis of up to 50 ele¬ 
ments may be modeled. The YO design pack¬ 
age includes models for gamma and hairpin 
matching networks, element tapering, mounting 
plates, and frequency scaling A library of Yagi 
files and documentation are included The pro¬ 
gram costs $90 ($95 in Canada and foreign 
countries) 

These programs are available from Brian 
Beezley. K6STI. 5071/2 Taylor Street. Vista. 
California 92084 


MFJ Offers Two New Books 

MFJ offers Iwo new books by Dave Ingram, 
K4TWJ 

In Golden Classics ol Yesteryear, you'll lind 
real life tales, and information on transmitters, 
receivers, lavonte circuits, telegraph keys. bugs, 
and other ham radio topics It contains easy-lo- 
build weekend protects from the 1920s, '30s, 
'40s and '50s 

K4TWJ even shows you how to build a clas 
sic "Tailender an early DX memory keyer that 
requires no power supply or other electronic 
parts and works tike a champ Ingram, a collec¬ 
tor ol classic radio gear shows you how to col 
lect. restore, and operate it 

OSCAR Satellite Revue is an anthology of CO 
magazine articles about setting up and operat 
mg various types of OSCAR stations for work 
ing DX, as well as Japanese and Russian satel 
hies Each article is tollowed by an update and 



ready to-use frequency conversion charts for all 
satellite modes There are tracking notes for 
OSCAR 13, OSCAR 10. Japanese JO-12 and 
Russian RS-10/RS 11 

K4TWJ even shows you how to work the Rus¬ 
sian robot on RS-10 and exactly how to receive 
a OSL card confirming this rare DX! 

There's a quick-start guide tor newcomers and 
an equipment review section Also included is 
up-to-date Keplerian data for computerized 
tracking programs 

For more information contact MFJ Enterprises. 
Inc . PO Box 494, Mississippi State. Mississippi 
39762 Phone (601)323 5869 To order call toll 
free (800)647 1800 

Circle #305 on Reader Service Card. 

Davis RF 

Davis RF has a new wire for dipole/long wire 
antenna applications This wire is custom made 
tor strength and will not stretch under normal 
ham applications including counterweights The 
wire is no 14. multislranded copper It will not 
kink or unravel is extremely flexible, can be tied 
in knots, and is easy to solder 

A complete catalog of antenna parts is avail¬ 
able from Davis RF. Box 230 Carlisle. Mass¬ 
achusetts 01741 Phone (508) 369-1738 

Circle #306 on Reader Service Card. 
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IF YOU BUY, SELL OR COLLECT 
OLD RADIOS, YOU NEED... 

ANTIQUE RADIO CLASSIFIED 

Antique Radio's ,—. 

Largest-Circulation 1 
Monthly Magazine I l==|l Vi// 

FREE SAMPLE COPY! - 

Classifieds - Ads for Parts & Services 
Anicles - Auction Prices-Flea Market Info. 
Also: Early TV. Ham Equip., Books, Telegraph, 
Art Deco. 40 s & 50's Radios & more... 

Free 20-word ad each month. Don t miss out! 
6 -Month Trial-$11. 

1-Year: $19 ($28 by 1st Class) 

Foreign by air - Canada: S30, Mexico: $28; Other: $55. 

A.R.C., P.0. Box 2-A4, Carlisle, MA 01741 


Electronic Repair Center 

Servicing 

Amateur Commercial Radio 

The most complete repair facility on 
the East Coast. 

Large parts inventory and factory 
authorized warranty service for 
Kenwood, Icom and Yaesu. 

SEND US YOUR PROBLEMS 

Servicing “Hams" for 30 years, no rig 
too old or new for us. 

4033 Brownsville Road 
■flST Trevose, Pa. 19047 

215 - 357-1400 


ELIMINATES RK INTERFERENCE IN: TV sets, 
Radio*. HI-FI, PA systems. Telephones, VCRs, Test 
equipment. Burglar and Fire alarms. Modems, Monitors, 
Computers, Radio and TV stations, etc. 

EASY TO USt~ fits over and snaps onto small, large and 
ribbon cables. No need to rewire connectors, unique, 
split fcmie core design fits up to RG8U coax cables. 
WORKS IN 'COMMON MODE', fillers current in¬ 
duced in the braid of shielded cables and ground wires! 
Special ferrite material e(Teclive 0J • 200 MHz. 
DOES NOT VOID EQUIPMENT WARRANTY 

A vmlublefrom your tU uler - 

or order direct from: 

computeradio £12 99 

Box 282, Pine Brook, NJ 07058 ^ 

Tef: (201) 227-0712 + S2.00 s hipping 




i:; (iw receive- or 

leave messages 
with other local hams 
using the 16K Bulletin 
Board featured on the 
smallest TNC available - 
the Heath® HK 21 
Pocket Packet. 

The BBS operates 
under your call with 
simple commands 
like Send or Write a 
message, Kill a message 
and read the File- 
messages currently on 
the system. And the 
HK-21 Pocket Packet is 
fully TNC-2 compatible. 

Hookup is easy. 

Plug in supplied cables 
instantly to most 


HT's, or wire a separate- 
cable into your mobile 
or base VHFor l 1HF 
rig. Connect your 


Get your 
message 
across... 
even when 
no one is 
listening. 





k 

A KUhsIdUry 
lUcinmlcs 
01989, Hca 

ofzcn«rw*| 

(■orporatlott ^ 
th Company ^ 


•a 


computer via RS-232 
and you're ready to call 
a fast-growing number 
of packet hams. 

The HK-21 Pocket 
Packet requires only a 
single 12 VDC@40mA 
power source or as 
little as 29mA from an 
optional HKA-21-1, 
internally mounted 4.8 
volt. 120 mAh.NICAD 
battery. 

The Heath* HK- 
21 Pocket Packet - 

$ 219.95 

To order, call 
1-800-253-0570 


For information on 
Heath's complete- 
line of amateur radio 
products call 
1 800 44-HEATH 
for your FREE 
, I Icathkit® catalog 


Best to start with. 
Best to stay with. 

Heath Company 

Benton Harbor, Ml 49022 



Send personal check with order, we ship same day First 
Ctass. US-dav money back warranty. Quantity discounts. 


LOW BAND DX-ING 
COMPUTER PROGRAMS 
by John Devoldere, ON4UN, for 
Apple lle/c, MS-DOS, Commodore 
C-128 Apple Macintosh and Kaypro 
CPM Computers 

Here's a collection ol 30 super programs 
written by ON4UN Just about every interest 
or need is covered—Irom antenna design 
and optimization to general operating pro¬ 
grams Antenna programs include shunt 
and series input L network design, leedlme 
translormer. shunt network design. SWR 
calculation, plus 11 more! General Ham pro¬ 
grams include sunrise/sunset, greal circle 
distances, grayline, vertical antenna design 
program, sunrise calendar plus 9 more! 
Phew When you sit down to use these pro¬ 
grams you'll be amazed al what you have 
The besl value in computer software avail¬ 
able today 1986 

f UN-Apple lle/llc $39.95 ea. 

UN-MS (MS-OOS) $39.95 ea. 

[ UN-CPM/Kaypro $39.95 ea. 

C UN C-128 (COMMODORE) $39.95 ea. 
I UN-MAC (MACINTOSH) $49.95 


LOW BAND DX'ING 
by John Devoldere ON4UN 

Now Available' The new, 2nd edition of the 
definitive book on Low Band DX'ing Based 
upon years of practical on-the-air 
experience, learn the secrets of how 
ON4UN has been so successful on the low 
bands Extensive coverage is given to trans¬ 
mit and receive antennas with clear concise 
explanations and plenty of illustrations— 
dipoles, inverted V s. slopers. phased arrays 
and Beverages—they're all in this book 
Also covered propagation transmitters, 
receivers, operating, software and an exten 
sive Low Band bibliography Going to be a 
besl seller' Get yours today 1987 2nd 
Edition 200 pages 

f AR-UN Sottbound $9.95 

BUY’EM BOTH 
SPECIAL OFFER 

Book & Software Reg. $49.90 
($59.90 for Mac) 

Just $44.90 ($54.90 for Mac) 
l UN-SO (specify computer) $44.90 
l UN-MSO Macintosh Special $54.90 

SAVE $5 

Please enclose $375 shipping & handling 

MAM BOOKSTORE 


603 878 1441 


ham radio 
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DM Forecaster 


Garth Stonehocker, K0RYW 


SPORADIC E 
BASICS FOR 1989 

What will the sporadic E propagation 
conditions be as the maximum of solar 
cycle 22 approaches? From May 
through September radiation from the 
nearly overhead sun generates high 
ion densities in the lower ionosphere 
that support short-skip propagation — 
including multiple short skips. The 
geomagnetic field clusters these ions 
into cloud-like patches known as 
sporadic E (E s ). These patches form a 
thin layer of intense ionization in the E 
region about 60 miles up. A patch 
gives a strong, mirror-like signal reflec¬ 
tion over skip distances of 600 to 1200 
miles. This lasts for perhaps an hour. 

The frequency and magnitude of 
Sporadic E occurrences are functions 
of geographical location. The best 
locations for summer E s openings are 
on either side of the geographic equa¬ 
tor, at the point where the geomagnetic 
equator is farthest away. This condition 
occurs in the Northern Hemisphere in 
Southeast Asia (best) and the Mediter¬ 
ranean (next best). In the Southern 
Hemisphere it occurs in South 
America. The highest frequency 
propagated by E s tends to occur at 
local noon. Since the E s patch is 
embedded in the regular E layer, it 
tends to track the E maximum ion den¬ 
sity throughout the day, season, and 
sunspot cycle. This summer you can 
expect an increase in the E layer as an 
E s base for higher maximum usable 
frequencies (MUFs) over a 1200-mile 
hop. This increase will give base MUFs 
of 51 to 57 MHz this year, so 6-meter 
openings should be really good. The 
highest probability of occurrence is 
near sunrise and again around sunset. 



These two E s characteristics affect 
short-skip openings differently. Open¬ 
ings on the higher frequency bands 
occur around local noon; the lower 
bands tend to have openings near 
sunrise and sunset. This characteris¬ 
tic is nearly constant over the sunspot 
cycle so there should be the same 
number of low to midlatitude E s open¬ 
ings, but the MUF is up for better DX. 
More about E s next month. 

Last-minute forecast 

Openings on the higher frequency 
bands (10 to 30 meters) are expected 
to be best the last two weeks of the 
month. At the same time, signal 
strengths will be lower then normal. 
Both are conditions of the increased 
MUF from the 27-day solar flux maxi¬ 
mum expected at that time. Solar flare 
geomagnetic disturbances are 
expected around the 19th and 27th; 
another disturbance may result from 
thin corona near the 9th. These will 
lower the MUF by 15 to 25 percent. 
Because these effects are worse on 
evening paths, the lower frequency 
bands will experience more fading and 
much lower signal strengths. Other¬ 
wise, the lower bands should be best 
the second week of June. 

The moon will be full on June 19th 
and at perigee (its closest approach) 
on June 28th. Summer solstice is on 
the 21st at 1100 UTC. The Aquarid 


meteor shower starts about the 8th, 
peaks around the 28th, and lasts until 
about August 7th. The maximum 
radio-echo rate will be 34 per hour. 

Band-by-band summary 

Six meters will provide occasional 
openings to South Africa and South 
America around noontime via short- 
skip E s propagation. There will be 
long-skip conditions on 10 meters in 
the afternoon during the peak times of 
the 27-day solar cycle. Otherwise, look 
for sporadic E short-skip and multihop 
openings around local noon for DX on 
this band. (Evening transequatorial 
openings usually don't occur in the 
summertime.) Twelve, 15, and 17 
meters (almost always open to some 
southern part of the world) will be the 
main daytime DX bands. Operate on 
12 first and then move down to 15. DX 
is considered 5000 to 7000 miles on 
these bands. There may be some 
long, one-hop transequatorial propa¬ 
gation paths occurring early in the 
month. 

Twenty, 30, and 40 meters will sup¬ 
port DX propagation from most areas 
of the world during the daytime and 
into the evening hours on most days. 
DX on these bands may be either long 
skip to 2500 miles or short skip E s to 
1250 miles per hop. There are many 
good hours of DXing ahead because 
the days are longer. 

Thirty, 40, 80, and 160 are all good 
for nighttime DX. Although the back¬ 
ground thunderstorm noise will be 
noticeable, these bands are still quiet 
enough to provide good DX-working 
conditions. Sporadic E propagation 
may be a contributing factor toward 
enhanced conditions at local sunset, 
and will occur more often during the 
next three months. Q 
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HAM MART 


Ham Radio’s guide to help you 
find your local Amateur Radio 
Dealer 


CALIFORNIA 

A-TECH ELECTRONICS 
1033 Hollywod Way 
Burbank, CA 91505 
(818) 845-9203 

New Ham Store and Ready to Make a 
Deal! 

JUN’S ELECTRONICS 
3919 Sepulveda Blvd. 

Culver City, CA 90230 
(213) 390-8003 
(800) 882-1343 Trades 
Habla Espanol 

COLORADO 

ALLIED APPLIANCE & RADIO 
4253 South Broadway 
Englewood, CO 80110 
(303) 761-7305 

1 (800) 321-7305 (Orders only) 

Rocky Mts Amateur/Shortwave Specialists, 
Ten-Tec, Yaesu, JRC-NRD, Sony , MFJ, 
KLM, and other tine gear. New and used. 
Visa/MC. Antennas, books, discount prices 
too! 

COLORADO COMM CENTER 
525 East 70th Ave. 

Suite One West 

Denver, CO 80229 

(303) 288-7373 

(800) 227-7373 

Stocking all major lines 

Kenwood Yaesu, Encomm, ICOM 

CONNECTICUT 

HATRY ELECTRONICS 
500 Ledyard St. (South) 

Hartford, CT 06114 
(203) 527-1881 

Call today. Friendly one-stop shopping 
at prices you can afford. 

DELAWARE 

AMATEUR & ADVANCED 
COMMUNICATIONS 
3208 Concord Pike 
Wilmington, DE 19803 
(302) 478-2757 

Delaware’s Friendliest Ham Store. 

DELAWARE AMATEUR SUPPLY 
71 Meadow Road 
New Castle, DE 19720 
(302) 328-7728 
(800) 441-7008 

loom, Ten-Tec, Microlog, Yaesu, Kenwood, 
Santee, KDK, and more. One mile off 1-95, 
no sales tax. 


FLORIDA 

AMATEUR ELECTRONIC SUPPLY 

1898 Drew Street 

Clearwater, FL 33575 

(813) 461-4267 

Clearwater Branch 

West Coast's only full service 

Amateur Radio Store. 

Hours Mon.-Fri. 9-5:30, Sat. 9-3 

AMATEUR ELECTRONIC SUPPLY 
621 Commonwealth Ave. 

Orlando, FL 32803 

(305) 894-3238 

Fla. Wats: 1 (800) 432-9424 

Outside Fla: 1 (800) 327-1917 

Hours Mon.-Fri. 9-5:30, Sat. 9-3 

HAWAII 

HONOLULU ELECTRONICS 
819 Keeaumoku Street 
Honolulu, HI 96814 
(808) 949-5564 

Kenwood, ICOM, Yaesu, Hy-Gain, Cush- 
craft, AEA, KLM, Tri-Ex Towers, Fluke, 
Belden, Astron, etc. 

IDAHO 

ROSS DISTRIBUTING COMPANY 
78 South State Street 
P.O. Box 234 
Preston, ID 83263 
(208) 852-0830 

Mon. 9-2; Tues.-Fri. 9-6; Sat. 9-2 

Stock All Major Brands 

Over 7000 Ham Related Items on Hand 

ILLINOIS 

ERICKSON COMMUNICATIONS, INC. 
5456 N. Milwaukee Avenue 
Chicago, IL 60630 
(312) 631-5181 

Hours: 9:30-5:30 Mon., Tues., Wed. & Fri.; 
9:30-8:00 Thurs; 9:00-3:00 Sat. 

INDIANA 

THE HAM STATION 
220 N. Fulton Avenue 
Evansville, IN 47710 
(800) 523-7731 
(812) 422-0231 

ICOM, Yeasu, Ten-Tec, Cushcraft, Hy-Gain, 
AEA & others. 

MARYLAND 

MARYLAND RADIO CENTER 
8576 Laureldale Drive 
Laurel, MD 20707 
(301) 725-1212 

Kenwood, Ten-Tec, Kantronics. Full service 
dealer. 

Mon.-Fri. 10-7, Sat. 9-5 


MASSACHUSETTS 

TEL-COM, INC. 

675 Great Road, Rte. 119 
Littleton, MA 01460 
(508) 486-3400 
(508) 486-3040 

The Ham Store of New England 
You Can Rely On. 

MISSOURI 

MISSOURI RADIO CENTER 
102 NW Business Park Lane 
Kansas City, MO 64150 
(800) 821-7323 
Missouri. (816) 741-8118 
ICOM, Kenwood, Yaesu 
Same day service, low prices. 

NEVADA 

AMATEUR ELECTRONIC SUPPLY 
1072 N. Rancho Drive 
Las Vegas, NV 89106 
(702) 647-3114 

Dale Porray "Squeak," AD7K 
Outside Nev: 1 (800) 634-6227 
Hours M-F 9-5:30, Sat. 9-3 

NEW HAMPSHIRE 

RIVENDELL ELECTRONICS 
8 Londonderry Road 
Derry, N. H. 03038 
(603) 434-5371 

Hours Mon.-Sat. 10-5; Thurs. 10-7 
Closed Sun/Holidays 

NEW JERSEY 

ABARIS SYSTEMS 
276 Oriental Place 
Lyndhurst, NJ 07071 
(201)939-0015 
Don WB2GPU 

ARRL, Astatic, Astron, B&W, Belden, 

Bencher, Hustler, Kenwood, Larsen, RF 

Concepts, Tonna and much, much more! 

Tues.-Fri. 10AM-7:30PM 

Thurs. 10AM-9:00PM 

Sat. 10AM-4:00PM 

Visa/MC 

KJI ELECTRONICS 
66 Skytop Road 
Cedar Grove, N J 07009 
(201) 239-4389 
Gene K2KJI 
Maryann K2RVH 

Distributor of: KLM, Mirage, ICOM, Larsen, 
Lunar, Astron. Wholesale - retail. 
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NEW YORK 

BARRY ELECTRONICS 
512 Broadway 
New York. NY 10012 
(212)9257000 

New York City's Largest Full Service Ham 
and Commercial Radio Store 

VHF COMMUNICATIONS 

280 Titlany Avenue 

Jamestown, NY 14701 

(716) 664 6345 

Open 8:00 AM till 5 30 PM 

Evenings. Saturday and Sunday by appoint 

ment Western New York's linest Amateur 

dealer Featuring ICOM "The World System" 

OHIO 

AMATEUR ELECTRONIC SUPPLY 

28940 Euclid Avnue 

Wickcliffe, OH 44092 (Cleveland Area) 

(216) 585 7388 
Ohio Wats 1 (800) 362 0290 
Outside Ohio: 1 (800) 321-3594 
Hours Mon Fri 9-5 30. Sat 9-3 

DEBCO ELECTRONICS. INC 
3931 Edwards Road 
Cincinnati, OHIO 45209 
(513)531 4499 

Mon-Sal 10AM 9PM Sun,12Noon 6PM 
We buy and sell all types ol electronic parts 


UNIVERSAL AMATEUR RADIO. INC 
1280 Aida Drive 
Reynoldsburg (Columbus). OH 
43068 

(614) 866-4267 

Featuring Kenwood Yaesu. Icom, 
and other fine gear Factory author 
ized sales and service Shortwave 
specialists Near 1-270 and airport 

PENNSYLVANIA 

HAMTRONICS 
Div of Trevose Electronics 
4033 Brownsville Road 
Trevose. PA 19047 
(215) 357-1400 

Same Location for over 30 Years 

TEXAS 

K COMM dba THE HAM STORE 

5707A Mobud 

San Antonio. TX 78238 

(512)680-6110 

(800) 344-3144 

Stocking all major lines. San Antonio's Ham 
Store Great Prices — Great Service Factory 
authorized sales and service 
Hours Mon -Fri. 10 6; Sal 9-3 


MADISON ELECTRONICS SUPPLY 
3621 Fannin 
Houston, TX 77004 
(713) 520-7300 
Christmas?? Now?? 

MISSION COMMUNICATIONS 

11903 Aleif Clodine 

Suite 500 (Corner Harwin & Kirkwood) 

Houston Texas 77082 

(713) 8797764 

Now in Southwest Houston full line of 
equipment All the essentials and extras for 
the "ham" 

WISCONSIN 

AMATEUR ELECTRONIC SUPPLY 

4828 W Fond du Lac Avenue 

Milwaukee, Wl 53216 

(414) 442 4200 

Wise Wats. 1 (800) 242 5195 

Outside Wise 1 (800) 558-0411 

Mon Fri 9-5 30. Sal 9-3 


Dealers: 

YOU SHOULD BE HERE TOO! 
Contact Ham Radio now for 
complete details. 


PC Slow Scan $149.95 


A complete slow scan television station tor your 
IBM PC or compatible Send and receive images 
In up to 10 shades of gray depending upon your 
graphics card and pnnter 

Includes: 

Demodulator Modulator 75 Page Manual 
Software Tutorial Cassette 

Requres: 

Ham transceiver PC with 640K Parallel Port 
Graphics Card Tape Recorder Senalport 
Slow Scan Formats: 8.12,17.23,34,36,48,7? sec 




Software Systems Consulting 
1303 S. Ola Vista 


BLACK DACRON " POLYESTER 
ANTENNA ROPE 

• UNPROTECTED 

• HIGH ABRASION RESISTANCE 

• REQUIRES NO EXPENSIVE POTTING HE AOS 

• EASY TO TIE & UNTIE KNOTS 

• EASY TO CUT WITH OUR HOT KNIFE 

• SIZES: 3/32" 3/16" 5/16" 

• SATISFIED CUSTOMERS DECLARE EXCEL¬ 
LENCE THROUGHOUT U S A 

LET US INTRODUCE OUR DACRON- 
ROPE TO YOU • SEND YOUR NAME AND 
ADDRESS AND WE LL SEND YOU FREE 
SAMPLES OF EACH SIZE AND COMPLETE 
ORDERING INFORMATION 

Dealei Inquiries Invited 


^ ? 4 r?f ASTMAN AVI BUILDING ? 1 

synthetic ventura California 93003 
textiles,inc (805)6M7903 



R-7000 Widespon Panadaptor 

Panadaptor especially designed 
for the R-7000 receiver. For use 
with a standard scope. Variable 
span width from 1 to 10 Mhz. 
Uncover unknown elusive signals. 
Complete with all cables, & 90 day 
warranty. $349.95 Shipped. Pa. 
res. add 6%. 

GTI Electronics 

RD 1 BOX 272 
Lehighton, Pa. 18235 
717-386-4032 
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Elmer’s Notebook 


Tom McMullen, W1SL 


PART 1 

VISUAL AIDS - 
OSCILLOSCOPES 

One of the most useful aids for deter¬ 
mining how electronic circuitry works 
or troubleshooting faulty equipment is 
something which can be used to 
examine the signals present at various 
points. Signals and waveforms weren't 
very complex early in the electrical 
age, and one instrument used to 
“look'' at waveforms involved project¬ 
ing a beam of light. This “oscillograph” 
device used a tiny mirror affixed to an 
armature. A narrow beam of light was 
focused on the mirror. When the arma¬ 
ture was excited by a waveform the 
light beam reflected from the vibrating 
mirror would trace a pattern on a 
ground glass screen, a nearby wall, or 
photographic film. The frequency 
response of this system was limited by 
the mechanical inertia of the armature 
and mirror. 

When waveforms became more 
complex (as with higher audio and low- 
range radio frequencies), the mechan¬ 
ical device was useless. The oscillo¬ 
scope picked up where the oscillo¬ 
graph left off. The heart of the 
oscilloscope is the cathode-ray tube 
(CRT) which, in addition to being an 
excellent test instrument, is also the 
basis for many other essential inven¬ 
tions — including radar “scopes,” tel¬ 
evision sets, and most computer 
screens. 

The oscilloscope's principle of oper¬ 
ation is amazingly similar to the mirror- 
type device — except that the moving 
part is not a mirror, but electrons with 
no inertia to hamper the faithful 
reproduction of waveforms. As shown 
in Figure 1, the CRT can present infor¬ 
mation along three axes. 

Before getting into a discussion 
about generating and deflecting the 
electron beam, I’d like to talk about 
how you can see the waveform on the 
front face (screen) of the tube even 
though the electron beam is invisible. 
The inside surface of the tube front is 
coated with a "phosphor” material 



which emits light when electrons strike 
it. At first the phosphor emitted only 
green light, and that was the standard 
color of oscilloscope traces for years. 
White phosphors were eventually per¬ 
fected and used in early black-and- 
white television sets. Some specialized 
yellow screens were popular in early 
radar “scopes.” Some of these phos¬ 
phors would glow long after the elec¬ 
tron beam had moved on to another 
spot. This characteristic is called “per¬ 
sistence;” it’s beneficial in some uses 
and detrimental in others. The tech¬ 
nique of using phosphors that would 
glow red, green, and blue was also 
developed. These phosphors were the 
precursors of present-day color televi¬ 
sion receivers and multi-color com¬ 
puter monitors. 

The electron gun 

No, it's not the latest arcade game; 
it’s the device that starts electrons on 
their path toward the screen of the 
tube. The interior of the CRT is a 
vacuum, so electrons can be pulled off 
the surface of a heated cathode by the 
charge on a nearby electrode — just 


as they are in amplifier tubes used in 
other applications. One difference is 
that the first electrode has a small hole 
in it. While many electrons are pulled 
off the cathode and strike the elec¬ 
trode, others pass through the hole 
and continue toward the screen. The 
voltage on this first electrode (G1 in 
Figure 2) determines the intensity of 
the beam. Other electrodes (FI, F2, 
and F3 in Figure 2) accelerate and 
focus the beam of electrons so that it 
strikes the screen as a tiny spot. This 
whole assembly fits near the base, in 
the narrow neck of the tube, and is 
called the electron gun. 

The glass shell of the tube flares out 
to support the screen of the CRT. This 
gives it a funnel-like shape. The inside 
surface of this flared part is usually 
coated with a conductive material con¬ 
nected to a high-voltage source of very 
low current capacity. This voltage 
keeps the electron beam tightly 
packed on its way to the screen and 
prevents electrons from “bouncing 
back” (secondary emission) when they 
hit the screen. Otherwise, stray elec¬ 
trons would distort the image. When 
used in an oscilloscope, the beam is 
almost always deflected by an elec¬ 
trostatic charge on the deflection 
plates, as shown in Figure 2. One pair 
of plates is mounted along the horizon¬ 
tal axis (HP1, HP2), and another pair 
along the vertical axis (VP1, VP2). For 


FIGURE 1 



The usefulness of an oscilloscope is greatly determined by the cathode-ray tube (CRT) 
and its ability to show signals in two axes, vertical and horizontal. The third axis, bright 
and dark, enhances its utility as a test instrument. 
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SYNTHESIZED 

SIGNAL GENERATOR 
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VANGUARD LABS 

196-23 Jamaica Ave., Hollis. NY 11423 
Phone: (718) 468 2720 Mon thru Thu. 
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FIGURE 2 



The basic components of a CRT. It contains elements that change the Intensity of the elec¬ 
tron beam (G1), focus the beam (FI, F2, F3), deflect the beam (VP1, VP2, HP1, HP2), and 
help maintain the focus and intensity (the interior coating or screening). 


FIGURE 3 



The horizontal and vertical circuits needed to drive a CRT. The amplifiers are quite com¬ 
plex; they must amplify signals from DC to several MHz, and do so without distortion or 
a decrease in gain. 


example, when a positive voltage is 
placed on the right plate and a nega¬ 
tive voltage is placed on the left plate, 
the beam is deflected from left to right 
across the screen. The vertical plates 
function in the same manner. The sig¬ 
nal from the vertical or horizontal ampli¬ 
fier circuitry is applied to the deflection 
plates 180 degrees out of phase, just 
as in a push-pull amplifier for audio or 
radio frequency use. This combination 
lets you control the position of the spot 
anywhere on the screen to trace even 
the most complex waveforms. 

The third axis 

An interesting new capability is 
added to the instrument when you start 
controlling a third variable — the 
brightness of the spot on the screen. 
By changing the voltage on the first 


electrode after the cathode (Gl), you 
can control the intensity of the electron 
beam. You can make the spot brighter 
or dimmer, or extinguish it altogether. 
Turning the beam off is called blank¬ 
ing, and is useful in getting rid of 
“retrace” lines. To illustrate what this 
does for you, try a simple experiment. 
Grab a sheet of paper and a pencil. 
Place the point o? the pencil near the 
left edge of the paper and move it to 
the right. Make the line wavy as you go, 
and stop just short of the right edge of 
the paper. Now, without lifting the pen¬ 
cil off the paper, move it directly back 
to the starting point. This last line is the 
retrace line, created when the electron 
beam returns to its starting point after 
each trace across the screen. By turn¬ 
ing the beam off when it starts its 
retrace, you avoid making a distracting 


line across the waveform you’re look¬ 
ing at. This blanking voltage can also 
be modulated with a series of square 
waves, allowing you to break the wave¬ 
form on the screen into dotted or 
dashed lines as an aid in determining 
time duration (or frequency) of the sig¬ 
nal. This is also how the light and dark 
areas of a television image are 
produced on the screen. The beam is 
modulated by a complex video wave¬ 
form that reproduces the image 
formed in the TV camera. 

Electromagnetic (or just “magnetic”) 
deflection of the electron beam is 
widely used in radar scopes and tele¬ 
vision receiver CRTs. Magnetic deflec¬ 
tion has an interesting trait. The beam 
is deflected at right angles to the field 
between the coils. Therefore, the coils 
that deflect the beam right and left are 
mounted in a vertical plane. It’s costly 
to mount electrostatic plates inside the 
tube and bring connections out 
through the glass wall. This is why tel¬ 
evision receivers universally use the 
relatively inexpensive electromagnetic 
deflection. 

Other circuitry 

A useful test instrument requires 
several circuits in addition to the basic 
CRT (see Figure 3). The voltage that 
deflects, or sweeps, the spot across the 
screen must be a waveform with a jag¬ 
ged shape like teeth on a saw — a 
sawtooth wave. Special oscillator and 
shaping circuits develop this waveform, 
and the frequency can be varied allow¬ 
ing different rates of sweep to look at 
a wide range of signal frequencies. 
The sweep can also be “triggered” on 
and off, allowing you to "catch” just 
one particular signal when it occurs. 
For example, perhaps you are looking 
at a 5 volts DC line, and want to see 
any noise or hum that rises to 5.5 volts. 
Set the trigger point to just below 5.5 
volts, and any noise of that amplitude 
which appears on the line will cause 
the ‘scope to start a trace and show the 
signal. This feature is often used when 
you take a photograph of the waveform 
on the screen. The trigger can be fired 
manually or automatically to produce 
just one sweep while the camera shut¬ 
ter is open. 

An amplifier is usually required to 
boost any input signal up to a level that 
will deflect the beam vertically. This cir¬ 
cuit, called a vertical amplifier or verti- 
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FIGURE 4 


A B 



Distortion can be caused by poor vertical 
amplifier response. The original square wave 
at A is degraded as shown at B. The poor 
response also causes the corners to be 
rounded when the horizontal portion starts 
or stops. 

cal deflection amplifier, requires a very 
special design. It must amplify signals 
that range from a very few Hz up to 
several MHz, do so with almost no dis¬ 
tortion, and have equal gain over the 
entire range. (Some circuits actually 
pass DC voltages so you can measure 
the signal by deflection from a base 
line.) This is no small trick, and was 
very difficult to do with vacuum tube 
amplifiers. Solid-state devices seem to 
handle the task easily when coupled 
with appropriate impedance-matching 
and bandpass circuitry. A garden- 
variety oscilloscope should be able to 
pass 20 MHz; one that's useful to over 
50 MHz isn't too hard to find at 
reasonable prices. While scopes of 
this range will suffice for troubleshoot¬ 
ing most Amateur equipment, you'll 
need something rated to near 100 
MHz if you want to look at the 
pulses in digital equipment like com¬ 
puters. Unfortunately, this kind of 
equipment is significantly more expen¬ 
sive. 

The importance of this vertical 
response frequency can be seen in 
Figure 4 Figure 4A shows an actual 
square wave; 4B shows the wave as it 
might appear on an average oscillo¬ 
scope screen. The reason it doesn't 
look square on the screen is because 
of something called vertical response 
time or rise-time delay. When the flat 
(+) part of the square wave stops, the 
beam descends toward the negative 
(-) part. However, the beam is still 
sweeping from left to right, so the spot 
doesn't land directly below the end of 
the + bar The same thing happens 
when the - part stops and the beam 
rises to the + level. The time it takes 
to get from - to + (and vice versa) is 


called the rise time; the shorter that 
time is, the more like the true waveform 
the trace will be. How does this relate 
to frequency? A 100-MHz signal rises 
and falls 100 times faster than a 1-MHz 
signal. An amplifier with a rise-time 
response equal to 100 MHz will faith¬ 
fully reproduce some pretty steep 
waveforms, while one that is only rated 
at 1 MHz will distort the waveform (see 
Figure 4B). 

Some oscilloscopes incorporate a 
"Z” axis amplifier to control the bright¬ 
ness of the trace This isn't often 
needed in general troubleshooting, but 
in some instances it can be used to 
impress external signals — like time 
markers (a bright "pip” every 100 mil¬ 
liseconds) or frequency markers (a pip 
every 1 MHz in a spectrum analyzer) 
— on the electron beam. 

An oscilloscope requires various vol¬ 
tages for operation, and the power 
supply is accordingly complex. It must 
supply a range of positive voltages for 
the accelerating and focusing anodes, 
and for the brightness control. Positive 
voltage is required for the deflecting 
anodes, and a very high voltage is 
placed on the interior conductive coat¬ 
ing. This voltage, sometimes called the 
"ultor anode" voltage, varies from near 
2000 volts in common oscilloscopes 
up to 20,000 or 30,000 volts in some 
television receivers. The current is in 
microamperes and not directly lethal, 
but contact with it will usually cause 
severe muscle reaction which can 
result in physical injury. 

As you can see, the oscilloscope is 
an extremely versatile instrument. A 
meter's pointer is a one-axis device 
which indicates amplitude, and that is 
exactly what the vertical axis of a CRT 
does. The horizontal sweep circuit in 
an oscilloscope introduces another 
axis which lets you look at a waveform 
over a specific period of time. The 
brightness control introduces a third 
axis that hides retrace lines, and lets 
you trace an image on the screen. In 
part 2, I'll look at another visual aid, the 
light-emitting diode (LED), and some 
of its uses. 

For further reading: 

If you'd like to learn more about the 
workings and uses of oscilloscopes, I 
recommend Oscilloscopes, by Rien 
van Erk, McGraw-Hill, 1978. It's an 
excellent, well-illustrated tutorial d 
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82 6 1 N Mate (Amphenol) 3 50 

82 202 1006 N Male (9913) 3 50 

Double Female UHF 100 

UGl 76 RG8X each 40 

Surplus Elbow PL259 S0239 each $ 1 

Receiving lubes 50 90% oW Irst price Cad 

Santee Boom Miko/Headsel (tits ICOM) 20 00 

STUPH 


Rf Amp Meters $ 15 to $30 each 


25pF/10KVDoorkr»obCap 5 00 

Throat Mike (new mil surplus) 5 00 

AN8H 1 600 U Headphones (new mil surplus) 5 00 

New Demo Units tor Sale 

ICOM R 7t A 849 00 

USED EQUIPMENT 


All equipment used, dean with 90 day warranty and 30 
day trial Sm« months full trade against new equipment Sale 
twice relunded 4 nol satisfied 

(800)231 3057 


POLICIES 

Minimum or dor $10 00 Mastercard VISA cwCOD All prices 
F OB Houston except as noted Pnrr*s subject to change without 
notice Items subject to pror sale Can anytime to check the status 
of your order Texas residents add sales la* All items lull tar. 
lory warranty plus Madison warranty 
Bird and Belden products in stock. Call today. 
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Electronics Supply 


3621 FANNIN 
HOUSTON, TEXAS 77004 
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FLEA 


MARKET 

RATES Noncommercial ads IOC per word; 
commercial ads 60C per word both payable 
in advance. No cash discounts or agency com¬ 
missions allowed. 

HAMFESTS Sponsored by non-profit or¬ 
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all capitals) and must in¬ 
clude full name and address. We reserve the 
right to reject unsuitable copy. Ham Radio can¬ 
not check each advertiser and thus cannot be 
held responsible for claims made. Liability for 
correctness of material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 

BEGINNER’S RADIO CLEARINGHOUSE. On a space avail- 
able basis, we are going to offer you, OUR SUBSCRIBER, 
free of charge, a chance to find a home for your used equip¬ 
ment with a new Ham. Please send us a short description of 
what you want to sell along with price, name, address and 
phone number. We’ll run it once in a special section of the 
classified ads under the heading of BEGINNER’S RADIO 
CLEARINGHOUSE Please limit your ad to 20 words or less. 


NATIONAL Radio Manual and NCL-2000 factory parts lists. 
SASE. Max Fuchs, 11 Plymouth Lane, Swampscott. MA 
01907 

CUSTOM MADE EMBROIDERED PATCHES. Any size, 
shape, colors. Five patch minimum. Free sample, prices and 
ordering information. HEIN SPECIALTIES, Inc., 7960 SW 
Manitou Trail, Glen Arbor, Ml 49636. (616) 334-4385. 

ELECTRONIC COURSE, Heath ET-3100 w/lab $80, RF sig¬ 
nal generator 90kc-240mc $50, Hickok 890 in-circuit transistor 
tester $45, RCA Voltohmyst VTVM $15 Want: Cushman CEj-3 
plug-in’s. K6KZT (805) 528-3181 

AEA CP-1 $50. Cetron 572B tubes, $65/pair. Yaesu NC-288 
charger $9. 1989 NA Callbook $23.95. D Heise, AA6EE, 
16832 Whirlwind, Ramona, CA 92065. (619) 789-3674. 

100 QSL CARDS $8. $3 thereafter. Grid square printed free. 
Shipped postpaid within two weeks. Guaranteed correct! Free 
samples. Shell Printing, KD9KW, Box 50B, Rockton, IL 61072. 


YAESU FL-110 mobile linear 10W in, lOOWout. 160-10m 
Like new $250 Janson, K6SHJ, 2027 Gillespie Street, Santa 
Barbara, CA 93101. (805) 681-2360, 682-5609. 

HELP -need Collins 55Gi low freq preselctor for 5lSl receiv¬ 
er F. Marx, 509-15 Court Street, Brooklyn, NY 11231. (718) 
852-0765 


HAM SOFTWARE IBM/Compatibles. 10 disks $26 95 
MC/VISA/Discover. N5ABV EAPCO, Keller, TX 76248-0014 
(817) 498-4242 

R-390A RECEIVER pans: Info SASE CPRC-26 military Man- 
pack Radio, 6 meter FM, with antenna, crystal, handset: 
$22.50, $42 50/pair, radio-only $9.50. Military-spec TS-352 
Voltohm/Multimeter, leads, info: $12.50 $4.50/piece shipping, 
$9 maximum BAYTRONICS, Box 591. Sandusky, OH 44870 


WANTED: Old tube HiFi and studio components, loudspeak¬ 
ers, turntables, related magazines etc Most makes and 
models, any condition Jack Smith, 288 Winter Street, North 
Andover. MA 01845.(508) 686-7250. 

UHF TEST EQUIPMENT: Hewlett-Packard TS403 (616B). 
UHF Signal Generator 1.8-4 GHZ $50. Jerrold VHF-UHF 
sweep generators $50 00 Tektronix 661 dual trace scopes 
(DC-3900 MHz 1 ) no leads. $50. Avionics glide path and localiz¬ 
er sig gen $75 checked, $40 unchecked. AUL 1-7 GHZ sig. 
gen. $50. WW5B, POB 460, Brookshire, TX 77423. 


POLICE/FIREFIGHTER HAMS - Please send your Call, Name, 
Address, Rank, Department Name, for inclusion in special 
roster available late 1989, Capt. Bob Blakeslee, N2IHQ, 1-1/2 
Macomber Ave, Binghamton, NY 13901. 

WANTED: Ham equipment and other property. The Radio 
Club of Junior High School 22 NYC, Inc. is a nonprofit organi¬ 
zation. granted 501(C) (3) status by the IRS, incorporated with 
the goal of using the theme of Ham Radio to further and en¬ 
hance the education of young people nationwide. Your prop¬ 
erty donation or financial support woutd be greatly appreciated 
and acknowledged with a receipt tor your tax deductible con¬ 
tribution. Get an incredible QSL for working our special 
event—June 26, 1100 to 2100 UTC, 7.238/21.395 MHz Call 
WB2JKJ and the crew celebrating first day of summer vaca¬ 
tion. Please write us at PO Box 1052, New York. NY 10002. 
Round the clock hotline: (516) 674-4072. Thank you! 

WANTED: Collins 30FXB Transmitter, Radio Engineers hand¬ 
books (W. Orr, Frank Jones), early vacuum tubes 1900’s. 
Receiving and transmitting New Thordarson and Stancor 
transformers. Filament, power and modulation. K4UJZ, Russ 
Olmsted, (X W0BCB), 608 W. Thompson Lane, Murfreesboro. 
TN 37129 


ELECTRONIC KITS A ASSEMBLIES. For our latest catalog 
send a large SASE (45 cents) to: A & A ENGINEERING, 2521 
W. LaPalma, #K, Anaheim, CA 92801. 


IBM-PC SOFTWARE FOR PK-232. New CompRtty ll/PK is 
the complete communications program for the 
PK-232/HK-232. Uses host mode of PK-232 for complete con¬ 
trol. Text entry via built-in screen editor! Adjustable split screen 
display, including optional Triple Split ™ in Packet mode. In¬ 
stant mode/speed change Hardcopy, diskcopy. break-in buff¬ 
er, select calling, text file transfer, customizable full screen 
logging, 24 programmable 1000 character messages, mail¬ 
box facility. Ideal for MARS and traffic handling. Requires 256k 
PC compatible. $65 Non-PK-232 version still available. Send 
call letters (including MARS) with order. David A. Rice, 
KC2HO, 144 N. Putt Corners Rd, New Paltz, NY 12561. 


COMMODORE/AMIGA CHIPS (eg. 6510-$12.55, 6526-$13.50, 
6567-S19.95, 6581-$14.85, 82S100-$15.75, 901 ROM 
Series-$12.50), PARTS, DIAGNOSTICS, HARD TO FIND 
ITEMS. Authorized service center. Fast REPAIRS, low cost 
(eg. C64-S49.95 plus UPS). Heavy duty power supplies for the 
C64-$27.95 plus UPS. Kasara Microsystems (Division of QEP), 
Route 9W/Kay Fries Drive, Stony Point. NY 10980, 
1-800-24B-2983 (outside NY) or 914-942-2252 


THE NATIONAL HAM SHOPPER. A monthly buy, sell, trade 
publication (starting in April). Ads are quickly answered and 
published for fast results. $1 2/per year. $24/per 2-year sub¬ 
scription rate. Send: PO Box 10738, Elmwood, CT 06110. 


R-290A Receiver Parts: Info SASE. CPRC-26 military Man- 
pack Radio, 6 meter FM, with antenna, crystal, handset 
$22.50, $42.50/pair. CPRC-26 Radio-only: $9.50. Add 
$4.50/piece shipping, $9 maximum Baytronics, Box 591, San¬ 
dusky, OH 44870. 


COMMUNICATIONS BATTERIES: Clone Packs! Ready-for- 
use. ICOM: BP-3S Oouble BP3 "Wall Chargeable” $43.95, 
BP5 $43.95, Yaesu: FNB2 $21.95, SANTEC 142/442/1200 (3 
Pm) $23.95. "REbuilding—Send-Ur-Pack" ICOM 8P3 $20, 
BP5 $28, BP7i/8 $34, Yaesu FNB4/4A $38, Kenwood PB21 
$18, P825/H/26 $28, T-T 2991 $29. "U-DOIT REPAIR IN¬ 
SERTS" ICOM: BP2 $18.95, BP3 $16.95, BP5 $23.95, 
BP7/BP8 $28.95, Kenwood' PB21 $12.95, PB24 $19.95, Az- 
den 300 $19.95, Yaesu FNB4/4A $32.95, Tempo 
Si.2.4,5,15/450 $22.95, "ANTENNAS’’ 2Mtr 5/8-Tel/BNC 
$18.59. "MUCH MORE" SASE Catalog. PA +6%. $3 ship¬ 
ping/order. VISA-MC + $2. (814) 623-7000. CUNARD AS¬ 
SOCIATES. Dept H. RD 6, Box 104, Bedford, PA 15522. 


450 MHz SPECTRUM ANALYZER. Adapted from Nov 85 QST 
article by Al Helfrick, K2BLA. Use your low frequency scope 
for the display portion. Log output calibrated in 10 db steps. 
For complete kit, order #450-KIT $459.95 plus $4.50 s/h. Calif, 
residents add 6% sales tax. Foreign orders add 15% for ship¬ 
ping. For additional information send large SASE to: A & A 
ENGINEERING, 2521 W. LaPalma, #K, Anaheim, CA 92801 
or call (714) 952-2114. 


FOR SALE: Browning Golden Eagle Mark IV AM/SSB citizen's 
band receiver. Superb performance—tube-type double con¬ 
version, low noise, two tunable bands or crystal controlled. 
Use on CB, retune for 10 meters, or use as tunable IF for 2 
meter, satellite or microwave receiver. Missing top cover, 
otherwise complete and working, with schematic. $100.00. 
Peter Ferrand, WB20LL, 65 Atherton Avenue, Nashua, NH 
03060. (603) 889-1067. 

WANTED: All types of Electron Tubes. Call toll free 
1-800-421-9397 or 1-612-429-9397. C & N Electronics, Harold 
Bramstedt, 6104 Egg Lake Road, Hugo, MN 55038 


SCHEMATICS. Devices, modules and components. Catalog 
$1.00 refundable. Free flyer LSASE. George Whitmore. 5746 
Aberdeen Angus Way, Las Cruces, NM 88001. 

N6SR/KX6: Anyone who has worked me as /KX6 has worked 
an illegal station. Anyone hearing that call please notify me 
and the FCC immediately. 

WANTED: G.E. Mastr-Pro UHF 250 watt base station or am¬ 
plifier with power supply or amplifier along. K8RUR, (313) 
697-8088 

FOR SALE: IC-2AT 5/8 whip, rubber duck ant., mike, IC-BP4 
battery pack, IC-DC1, two IC-BP3S with charger. $200 Mar¬ 
tin Han ft, POB 19 9, Gilsum, NH 03448 

UHF PARTS. GaAs Fets, mmics, chip caps, feedthrus. teflon 
pcb, high Q trimmers. Moonbounce quality preamps. Elec¬ 
tronic sequencer boards. Send SASE for complete list or call 
(313) 753-4581 evenings. MICROWAVE COMPONENTS, PO 
Box 1697, Taylor, Ml 48180. 


WANTED: Ten-Tec QRP transceivers. Signalizer audio am¬ 
plifier S20/S30 RX-10 receiver. Modules MX1 TX1 AA1 
Argonaut and power supply. Russ Olmsted, 608 West Thomp¬ 
son Lane, Murfreesboro, TN 37129. (615) 893-5344 


COMMODORE-128 PROGRAM available to track the Ama¬ 
teur Satellites Uses Keperlian data supplied by NASA free. 
Tracks up to 8 satellites simultaneously. Program also sup¬ 
ports printing schedules and predictions for satellites Use it 
to track MIR and talk to the Cosmonauts. SATRAK128, $26.50 
includes shipping. Other information on this or other programs 
for the Cl28, requires a business size SASE. Reid Brtstor, 
WA4UPD, PO Box 0773, Melbourne, Florida 32936-0773. 


WANT: 32S3 xmfr, 250TL and 304TL tubes. KF6WM, 45300 
Royal, King City, CA 93930. 


DXERS—CUSTOMIZED PRINTOUT of antenna headings cal¬ 
culated for your location. List includes over 650 worldwide lo¬ 
cations. Send Lat/Long coordinates, name, callsign, check for 
$12.95 U S. Brian Henderson, VE6ZS, 23 Deermoss PI SE, 
Calgary, Alberta, Canada T2J 6P5. (403) 278-2084 


HANDICAPPED NOVICE needs HF equipment donated— 
anything please. KA30UE, (412) 531-7443 anytime. 


OFFICIAL MILITARY-TYPE ID TAGS. ("Dog Tags")!! Cus¬ 
tomized with your Call Letlers, etc. 5 seventeen space lines. 
20” nickel plated chain included. $4.29 postpaid JPW EN¬ 
TERPRISES. PO Box 353, Logan, Utah 84321 


MAGAZINES WANTED: "Microwave Systems News" (MSN), 
"RF Design", "PCIM (Power Conversion & Intelligent Motion)” 
and "QEX" (1980-present). Call collect 519-742-4594 (Ontario) 
after 6 PM Eastern time. 


IMRA International Mission Radio Association helps mission¬ 
aries. Equipment loaned. Weekday net, 14.280 MHz, 1-3 PM 
Eastern. Nine hundred Amateurs in 40 countries. Rev. Tho¬ 
mas Sable, S.J., University of Scranton, Scranton, PA 18510. 


QUAD ANTENNAS 10-12-15 meters $139.95. 10-15-20 meters 
$199.95. Light weight fiberglass construction. Lightning Bolt 
Anlennas, RD 2, Volant, PA 16156. (412) 530-7396. 


"SOME UNPUBLISHED THEORIES and MORE for The Ra¬ 
dio Amateur" by Lymansson. Includes RF wattmeter, moni- 
match, balun etc. From R.L. Pfohl-Beeman, Publisher. $10 
ppd. POB 70, Loogootee, IN 47553 


BACK ISSUES OF HAM RADIO. Have most issues from 1969 
to 1974. Mint condition. $3.00 for single issues, WN0G, 
319-377-3563. 


HAM TRADER YELLOW SHEETS. In our 27th year Buy, 
swap, sell ham radio gear Published twice a month. Ads 
quickly circulate—no long wait for results. Send No 10 SASE 
for sample copy. $13 for one year (24 issues). PO Box 2057, 
Glen Ellyn, IL 60138-2057 or PO Box 15142, Dept HR, Sal- 
tie. WA 98115. 

VHF-UHF-SHF. Large SASE. West Coast VHFer, POB 685, 
Holbrook, AZ 06025. 


CHASSIS & CABINET KITS. SASE. K3IWK, 5120 Harmony 
Grove Rd, Dover, PA 17315. 


ANALOG AND RF CONSULTING for the San Francisco Bay 
area. Commercial and military circuits and systems. James 
Long, Ph D , N6YB (400) 733-8329 

RTTY JOURNAL —Now in our 36th year. Read about RTTY, 
AMTOR, PACKET, MSO'S, RTTY CONTESTING, RTTY DX 
and much more Year’s subscription to RTTY JOURNAL 
$10.00, foreign slightly higher. Order from: RTTY JOURNAL, 
9085 La Casita Ave., Fountain Valley, CA 92708. 


RUBBER STAMPS: 3 lines $5.00 PPD. Send check or MO 
to G.L. Pierce, 5521 Birkdale Way, San Diego, CA 92117. 
SASE brings information. 
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ELECTRON TUBES: Receiving, transmitting, microwave... ail 
types available. Large stock. Next day delivery, most cases. 
DAILY ELECTRONICS, PO Box 5029, Compton, CA 90224. 
(213) 774-1255. 


“HAMLOG” COMPUTER PROGRAM. Full features, 17 mod¬ 
ules. Auto-logs, 7-band WAS/DXCC. Apple $19.95. IBM, 
CP/M, KAYPRO, Tandy, Cl28 $24.95. HR-KAlAWH, POB 
2015, Peabody. MA 01960. 


WANTED: ARC-5 and SCR-274 equipment, parts and acces¬ 
sories, any condition. Ken, WB90ZR, 362 Echo Valley, Kinne- 
lon, NJ 07405. (201) 492-9319. 


WANTED: Ham equipment and other property The Radio 
Club of Junior High School 22 NYC, Inc. is a nonprofit organi¬ 
zation, granted 501(C) (3) status by the IRS, incorporated with 
the goal of using the theme of Ham Radio to further and en¬ 
hance the education of young people. Your property dona¬ 
tion or financial support would be greatly appreciated and 
acknowledged with a receipt for your tax deductible contri¬ 
bution. In Dayton, meet the crew from 22 and relax at our flea 
market tables, check in on 144.30 simplex Please write us 
at: PO Box 1052, New York, NY 10002. Or call our round the 
clock hotline: (516) 674-4072. Thank you! 


WANTED: Drake Linear Amp Model MN4439- 1000W (2000 
PEP), 1.8-30 MHz. Call Bruno Molino, VE2FLB, 26 Rue Des 
Anciens, Gatineau, Quebec J8T 3T2. (819) 561-3689. 


RECONDITIONED TEST EQUIPMENT $1.25 for catalog 
Walter, 2697 Nickel, San Pablo, CA 94806 

COMING EVENTS 

Activities — “Places to go . . 

SPECIAL REQUEST TO ALL AMATEUR RADIO PUBLICI¬ 
TY COORDINATORS: PLEASE INDICATE IN YOUR AN¬ 
NOUNCEMENTS WHETHER OR NOT YOUR HAMFEST 
LOCATION, CLASSES, EXAMS, MEETINGS, FLEA MAR¬ 
KETS, ETC, ARE WHEELCHAIR ACCESSIBLE. THIS INFOR¬ 
MATION WOULD BE GREATLY APPRECIATED BY OUR 
BROTHER/SISTER HAMS WITH LIMITED PHYSICAL ABIL¬ 
ITY. 


May 21: ILLINOIS: Hamfest sponsored by the Kankakee Area 
Radio Society, Will County Fairgrounds, Peotone. 0-3. For in¬ 
formation write KARS c/o Frank DalCanton, KA9PWW, RR 
1, Box 361, Chebanse, IL 60922. (815) 932-6703 after 4 PM 
or (815) 937-2452 before 4 PM CST. 


June 3-4: WASHINGTON: Hamfest sponsored by the Apple 
City ARC, Rocky Reach Dam, 7 miles north of Wenatchee. 
For information and registration Bob Lathrop, 919 N. Wood¬ 
ward Drive, Wenatchee, WA 98801. 


June 3: NEW HAMPSHIRE: The Hosstraders Flea Market is 
back at the Deerfield Fairgrounds. Admission $5 per person. 
Wheelchair accessible. Questions or map SASE to WAllVB, 
RFD Box 57, West Baldwin, ME 04091 


June 4: NEW YORK: Hati of Science Hamfest, sponsored by 
the Hall of Science ARC, Hall of Science parking lot, Flush¬ 
ing Meadow Park, 47-01-111 Street, Queens. Starts 9 AM. For 
information Steve Greenbaum, WB2KDG (718) 898-5599 or 
Arnie Schiffman, WB2YXB (718) 343-0172. 


June 4: PENNSYLVANIA: Firecracker Hamfest sponsored by 
the Harrisburg RAC, Bressler Picnic Grounds, Harrisburg. 
Starts 8 AM. Contact Dave Dormer, KC3MG. (717) 939-4957. 


June 10: NORTH CAROLINA: 2nd annual Hamfest and Com¬ 
puter Electronics Fair sponsored by the Forsyth ARC, Dixie 
Classic Fairgrounds, Winston-Salem. 9 AM to 3 PM. For in¬ 
formation contact Jim Rodgers, N1DRI, POB 11361, Winston- 
Salem, NC 27166. (919) 760-2493. 


June 10: COLORADO: Superfest "XI”, Larimer County Fair¬ 
grounds, South Railroad Avenue, Loveland. 8 AM to 4 PM. 
June 11: ILLINOIS: 32nd annual Hamfest sponsored by the 
Six Meter Club of Chicago, Santa Fe Park, 9lst and Wolf 
Road, Willow Springs. Ticket Chairman, Mike Corbett, K9ENZ, 
606 South Fenton Ave, Romeoville, IL 60441 


June 11: ILLINOIS: The 60th anniversary of EGYPTIANFEST, 
sponsored by the Egyptian ARC, at the Clubhouse, Rt3 at 
1-270, Granite City. Contact Egyptian ARC, PO Box 562, Gran¬ 
ite City, IL 62040. (618) 931-1177 Thurs eves. 


June 11: KENTUCKY: "Ham-O-Rama ’89" sponsored by the 
Northern Kentucky ARC, Erlanger Lions Park. Gates open 8 
AM. For more information or registration N40EB, NKARC, 
POB 1062, Covington, KY 41012 (606) 331-3258. 

June 11: OHIO: The Goodyear ARC’S 22nd annual Hamfest 
and family picnic, Wingfoot Lake Park near Akron. Flea mar¬ 
ket 8 AM to 4 PM. For tickets or information William F. Dunn, 
W8IFM, 4730 Nottingham Lane, Stow, OH 44224. (216) 
673-8502 


June 16-17: MINNESOTA: Amateur Fair '89. NEW 
LOCATION—Aldrich Arena, Maplewood. 6-10 PM. For infor¬ 
mation, tickets write Amateur Fair '89, PO Box 290131, Brook¬ 
lyn Center, MN 55429. (612) 653-9999. 


June 16: ALBERTA: Annual Picnic sponsored by the Cen¬ 
tral Alberta Radio League, Burbank Campsite. Contact P. Fitz¬ 
gerald, VE6QT (403) 746-2621 or D. Miller, VE6XF, (403) 
886-4883 . z FM3 2 

June 17: MICHIGAN: 14th annual Swap Shop sponsored by 
the Straits Area ARC, Petoskey. 8 AM to 1 PM. For informa¬ 
tion Irene, N8HBT (616) 539-8986 or Clark, KA8TIL (616) 
582-6455. 


June 17: NEW JERSEY: 18th annual Hamfest sponsored by 
the Raritan Valley Radio Club, Columbia Park, Dunellen. 
Starts 8 AM. For information Dave, KA2TSM (201) 763-4849 
or John, WA2C (201) 968 5 5070. 


June 18: WISCONSIN: Hamfest sponsored by the Central 
Wisconsin Radio Amateurs, Student Center, University of Wis¬ 
consin, Stevens Point campus. Starts 9 AM. Free admission. 
For information Art Wysocki, N9BCA, 3356 April Lane, Stevens 
Point, Wl 54481. (715) 344-2984. 


June 18: MICHIGAN: Monroe Hamfest sponsored by the 
Monroe County Radio Communications Association, Mon¬ 
roe County Fairgrounds. Hand! parking. Ail buildings 
wheelchair accessible. For Information Larry Lindner, 
KB6AIZ, 2001 Ida-Maybee Rd, Monroe, Ml 48161. (313) 
587-3663. 


June 18: MARYLAND: Father’s Day Hamfest sponsored by 
the Frederick ARC, Frederick County Fairgrounds 8 AM to 
4 PM. For information Dave Durkovic, N3BKD, 7128 Lime¬ 
stone Lane, Middletown, MD 21769 


June 18: CALIFORNIA: Santa Maria Radio Swapfest, Union 
Oil Co Newlove Picnic Grounds, just south of Santa Maria. 
Gates open 9 AM. Talk in 146.94. For information Hank Korc- 
zak, W6PME, 917 West Anthony Way, Lompoc, CA 93436. 
(805) 736-1761. 


July 2: PENNSYLVANIA: Murgas ARC Hamfest, Ice-A-Rama, 
Coal Street Sports Complex, Wilkes-Barre. Starts 8 AM. 
Contact Mike Benish, K3SAE, Bx 214, RD #1, Pittston, PA 
18643. (717) 338-6863. 


July 8: WISCONSIN: Swapfest sponsored by the South Mil¬ 
waukee ARC, American Legion Post 434,9327 South Shepard 
Avenue, Oak Creek. 7 AM to 2 PM. For details South Milwau¬ 
kee ARC, POB 102, South Milwaukee, Wl 53172-0102. 


July 8-9: INDIANA: 19th annual ARRL Division Convention 
and Hamfest, Marion County Fairgrounds, Indianapolis. Gates 
open 6 AM both days. For information (317) 356-4451. 


July 9: PENNSYLVANIA: 4th annual Hamfest sponsored by 
the North Hills ARC, Northland Public Library, 300 Cumber¬ 
land Road, Pittsburgh. 8 AM to 4 PM. For information SASE 
to Bob Ferrey, Jr, N3DOK, 9821 Presidential Drive, Allison 
Park, PA 15101. (412) 367-2393. 


October 1: NORTH CAROLINA: JARSFEST ’89, Benson 
American Legion Complex, 301 N. Benson NC 27504, 8 AM 
to 4 PM. For flyer SASE to Johnston Amateur Radio Society, 
PO Box 1154, Smithfield, NC 27577. (919) 934-0486, 
894-5479. 

OPERATING EVENTS 

“Things to do . . .” 

June 9: The East Pasco Amateur Society will operate a spe¬ 
cial event station AB4LN to celebrate the centennial of Dade 
City, Florida. Operation starts daily at 10 AM. Send QSL and 
business SASE for certificate to EPARS Centennial, AB4LN, 
PO Box 942, Dade City, FL 34297-0942. 


June 10: TheTusco ARC, New Philadelphia, Ohio, will oper¬ 
ate W8ZX 1700 UTC from New Towne mall to celebrate the 
50th anniversary of the club and to promote public interest 
in Amateur Radio For QSL SASE to W8ZX, PO Box 725, New 
Philadelphia, OH 44663. 


June 17: Chicago. The Amoco ARC will operate special event 
station W9GT from 1300ZJune 17 to 0100Z June 18 to com¬ 
memorate the 100th anniversary of the incorporation of Amoco 
Corp Phone, CW and packet 80-10m and VHF. For special 
QSL SASE lo Amoco ARC, Mail Code 0802, 200 E Randolph 
Drive, Chicago, IL 60601. 


June 17: The Prince Georges Amateur Radio Emergency 
Service, Maryland, will operate a special event station at the 
Prince Georges Worldfest. 1500 UTC June 17 to 0200 UTC 
June 18. This year marks the 293rd anniversary of Prince Ge¬ 
orges County. For a special QSL card send QSL card and 
SASE to PG-ARES, PG EOP, 7911 Anchor Street. Landover, 
MO 20785. 

June 18: 1989 SMIRK Party Contest. 0000 UTC June 
1 8—2400 UTC June 19. Send contest entries by July 6, 1989 
to Lisa Lowell, KAONNO, PO Box 547, Hugo, CO 80821. 


July 1: Colorado Six Meter Invitational Net is sponsoring an 
activity day contest. Exchange callsign, name, grid square and 
SIN number on 50 MHz. Send logs by July 31 to N0AKI, 8529 
Fenton St, Arvada, CO 80003. Please SASE. 


July 4: High Plains ARC will operate KT7V at historic Fort 
Laramie from 0000Z July 4 to 0000Z July 5. For QSL send 
business SASE to KT7V, 111 Camino Del Rey, Torrington, 
WY 82240. 


LAUREL ARC monthly (except December) Amateur exam ses¬ 
sions for all license classes. No fee is charged. Pre-registration 
is required. Call (301) 725-1212, Maryland Radio Center, 8576 
Laureldale Drive, Laurel, MD 20707. 


NORTH COAST ARC 1989 LICENSE EXAMS. 12:30 PM, 
Saturdays February 11, April 15, June 10, August 12, October 
14, December 9. N. Olmsted Community Cabin, S of Lorain 
on W. Park. Novice thru Extra. Walkins allowed. Talk in 145.29 
repeater For information Dan Sarama, KB8A, 15591 
Rademaker Blvd, Brookpark, Ohio 44142. 267-5083 or Pau¬ 
line Wells, KA8FOE, Rick Wells, K8SCI, 777-9460/779-8999. 


AMATEUR RADIO CLASSES: For those people interested in 
obtaining a Novice (basic level) Ham license or upgrading to 
Tech/General, the Chelsea Civil Defense, in cooperation with 
QRA Radio Club, will sponsor Amateur Radio Communica¬ 
tions classes evenings at Chelsea High School starting 
MARCH 7, 1989. For more information write Frank Masucci, 
KlBPN, 136 Grove Street, Chelsea, MA 02150. Please en¬ 
close your telephone number. 


THE MIT UHF REPEATER ASSOCIATION and the MIT Ra¬ 
dio Society offer monthly HAM EXAMS. All classes Novice 
to Extra. Wednesday, JUNE 21, 7 PM, MIT Room 1-150, 77 
Mass Avenue, Cambridge, MA. Reservations requested 2 days 
in advance. Contact Ron Hoffmann at (617) 484-2098. Exam 
fee $4.50. Bring a copy of your current license (if any), two 
forms of picture ID, and a completed form 610 available from 
the FCC in Quincy, MA (617) 770-4023. 


GREAT 

GIFT 

IDEA 



Z station 

• log book number 

NOW BACK IN STOCK 

HAM RADIO 
LOG BOOKS 

back by popular demand! 

Room for over 2100 QSO—that’s over 
twice as many as the other log books. 
Forcontesters, each page contains 30 
QSO’s for easy counts. You also get 
the latest up-to-date frequency spec¬ 
trum chart. ITU callsign list and ARRL 
DXCC list. Spiral bound to lay flat on 
your desk. Unquestionably the best 
log book value around. ® 1988. 

HR-LB.Spiralbound $2.95 

HR-3LB Special Buy 3 

Save 22%.Get 3 $6.95 


Please add $3.75 for 
shipping and handling. 



GREENVILLE. NH 03048 


BOOKSTORE 

(603) 878-1441 
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CALLBOOKS 



THE QSL BOOK! 


Continuing a 68 year tradition, we Bring 
you three new Callbooks for 1989, bigger 
and better than ever! 

The North American Callbook lists the calls, 
names, and address information for 495,000 
licensed radio amateurs in all countries of 
North America, from Canada to Panama 
including Greenland, Bermuda, and the 
Caribbean islands plus Hawaii and the 
U.S. possessions. 

The International Callbook lists 500,000 
licensed radio amateurs in countries outside 
North America. Its coverage includes South 
America, Europe, Africa, Asia, and the 
Pacific area (exclusive of Hawaii and the 
U.S. possessions). 

The 1989 Callbook Supplement Isa new Idea 
in Callbook updates, listing the activity in 
both the North American and International 
Callbooks. Published June 1, 1989, this com 
bmed Supplement will include thousands of 
new licenses, address changes, and call sign 
changos for the preceding 6 months. 

Tvery active amateur needs the Callbook! 
The 1989 Callbooks will be published 
December 1, 1988. Order early to avoid 
disappointment (last year’s Callbooks sold 
out). See your dealer now or order directly 
from the publisher. 


$29.00 

35.00 

$32.00 

38.00 


□ North American Callbook 
incl. shipping within USA 
incl. shipping to foreign countries 

u international Callbook 
incl. shipping within USA 
incl. shipping to foreign countries 

□ Callbook Supplement, published June 1st 

incl. shipping within USA $13.00 

incl. shipping to foreign countries 14.00 

SPECIAL OFFER 

□ Both N.A. & international Callbooks 

incl. shipping within USA $58.00 

incl. shipping to foreign countries 68.00 

Illinois residents please add 6‘/*% tax. 

All payments must be in U.S. funds. 


ill took 


INC 


RADIO AMATEUR 

caliooo 

Dept. F 

925 Sherwood Dr., Box 247 
Lake Bluff, IL 60044, USA 


Tel: (312) 234-6600 
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ADVERTISER S INDEX AND READER SERVICE NUMBERS 

Listed below are Ihe page and reader service number for each advertiser in this issue For more information on their 
products, select the appropriate reader service number make a check mark in the space provided Mail this lorm to 


ham radio Reader Service. I.C.A , P 0 Box 2558. Woburn, MA 01801 

Name 

Call 

Address 

City _ 

State 

zip_ 

• Please contact this advertiser directly 


Please use before July 31. 1989 
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Dependable Service 
At The Right Price ... Everytime 


MasterCard—VISA—Discover 


£R/icUowetUe% 


KENWOOD 



TS-940 "DX-CELLENCE" 

• All Band, All Mode Transceiver 

• Direct Keyboard Entry 

• Engineered lor the DX-Minded 
and Contesting Ham 

• Its Got It All! 


KENWOOD 



TS-140S AFFORDABLE DX Ing! 

• HF Transceiver With 
General Coverage Receiver 

• All HF Amateur Bands 

• tOO W Output 

• Compact. Lots of Features 


KENWOOD 

a Era* 

TM-231A 

2 METER FM MOBILE 

* 50 Walts Output 

* 20 Multi Function Memories 

»Snlectable CTCSS Tone Built in 

* Operate 4 Mobile Rigs w,th Optional 
IF-20 Interlace and RC-20 Controller 


KENWOOD 

, SALE'- 



TH-25AT 

POCKET SIZED 
AND POWERFUL 

• Frequency Cover¬ 
age 141 163 MHz 
(Rx). 144 148 MHz 
(Tx) 

• Front Panel DTMF 
Pad 

• 5 Watts Output 

• 14 Memories 

• TH-45AT Available 
lor 440 MHz 


102 N.W. Business Park Lane 
Send SASE For Used Ust 



HF/VHFrtJHF 
BASE STATION 


FT-767GX 

• Add Optional 6m. 2m & 
70cm Modules 

• Dual VFO's 

• Full CW Break in 

• Lots More Features 





FT-736R VHF-UHF BASE STATION 

• SSB. CW. FM on 2 Meters 
and 70 cm 

• Optional 50 MHz. 220 MHz or 
1.2 GHz 

• 25WattsOutputon2Meters. 
220 and 70 cm 

• 10 Watts Output on 6 Meters 
and 1.2 GHz *100 Memories 


K Kantronics 



KT-Series Mono-Band Radios 

I0-15-20-30-4O80M MODELS 

SAVE BIG $$ 

Best Price and Complete Selection 
Call Today! 


A UNCO 

SUPER SALE 


ALD-24T 
2m770cm 
Dual Band 
Mobile 



$449.00 Delivered 

25W. 21 Memones. Dual VFO's 
At an Unbeatable Pnce! 


Kansas City, MO 64150 


ICOM 



IC-765 NEW HF TRANSCEIVER 

• Built-in Automatic Antenna 
Tuner and Power Supply 

• 99 Memories • 100 W Output 

• 160- lOM/General Coverage 
Receiver 

• Band Stacking Registers 


?COM 


IC-725 


NEW ULTRA COMPACT 
HF TRANSCEIVER 



Vi 


• USB/LSB/CW, AM Receive 
Optional Module for AM 
Transmit and FM TX7RX 

• 160 tOM Operation • 100 W Output 

• Receive 30 kHz to 33 MH/ 

• 26 Memones with Band 
Stacking Registers 


?COM 

IC-2GAT 

IC-4GAT 

2 Mater & 440 
Handhelds 

• IC-2GAT 

RX 138-174 MHz 
TX 140-150 MHz 
7 Watts 

• IC-4GAT 
440-450 MHz 
6 Watts 



?COM 


IC 32AT 

SUPER DUALBAND 
FM HANDHELD 

• 5 Watts on Both Bands 

• Receive 138-174 MHz 

440-450 MHz 

• Stores Standard and 
Odd Otlsets 



uniden 



HR-2600 

’ Mobile 10 Meter Transceiver 
> SSB/AM/F M/CW 
■ 25 Watts PEP 
1 New FM Otlsets & PL 


CP-100 



Complete Terminal Unit for 
Morse, Baudot. ASCII, AMTOR 

NOW Vi PRICE 
CLOSEOUT SPECIAL 
ONLY S169. DELIVERED 

Software Available 
Call Now—Don't Delay 


ASTRON 



• RS7A 

..$51 • RS35M 

$167 

• RS12A 

$75 • VS35M 

$179 

• RS20A 

$92 • RS50A 

$209 

• RS20M 

$112 • RM50M 

$235 

• VS20M 

$129 • RM50M 

$259 

• RS35A 

$149 • VS50M 

$245 


SALE 

LARGEST STOCK OF ALL 
YOUR MFJ FAVORITE 
ACCESSORIES 
CALLTODAY FOR 
BEST PRICE 

* 

Extra Savings on the M F J-1278 
Multi-Mode Data Controller 


Call Toll Free—9am - 6pm Mon.-Fri. 9am - 2pm Sat. 

In Missouri Call—816-741-8118 


DAIWA 


HUSTLER 


MOST ORDERS SHIPPED SAME DAY 


HYGAIN 


ICOM 
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OPTOELECTRONICS 


STOP LOOKING! THE FREQUENCY COUNTER 
YOU NEED IS HERE NOW! 

Take a good look at the model 2210 hand held that does it all. Frequency Range is from 
10 Hz to over 2.2 GHz covering audio through microwave. Literally DC to day light with 
extraordinary sensitivity and accuracy. The 2210 is now in demand by technicians, 
engineers, law enforcement officers, private investigators, two-way radio operators, 
scanner hobbyists, and amateur radio operators. Call us today to order yours. 



SENSITIVITY 

1 KHz < 5 mv 

100 MHz < 3 mv 

450 MHz < 3 mv 

850 MHz < 3 mv 

1.3 GHz < 7 mv 

2.2 GHz < 30 mv 


(ACTUAL SIZE) 


Separate high impedance and 50 ohm amplifier circuits, two ranges, two gate times, dual crystal 
oscillator design. 8 LED digits, aluminum case, internal Ni-Cad batteries, 1 ppm accuracy, AC-DC 
portable operation. AC adapter-charger included. Full line of probes, antennas, and carry case 
is available. We manufacture the 2210 in the U.S. and have over 15 years of service, quality, 
experience and dedication that you can count on. 



OPTOELECTRONICS INC. 

5821 N.E. 14th Avenue 
Fort Lauderdale, Florida 33334 



FLA (305) 771-2050 
FAX (305) 771-2052 


Orders to U.S. and Canada add 5% to total ($2 min. $10 max) 
Florida residents add 6% sales tax. COD fee $3 
Foreign orders add 1 5% 
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OUR COMPLETE 
LINE OF PORTABLE 
OWER TOOLS. 


When you're talking Yaesu handhelds, power takes on many 
meanings. 

Like maximum RF output. Sophisticated microprocessor 
control. Deceptively simple operation. Even cost savings-as 
most accessories are interchangeable throughout the line. 

Added up, it’s no wonder amateurs choose Yaesu HTs more 
than any others. 


FT 470. DI AL BAND OPERATION PERFECTED. 


2 meter and 430-450 MHz. 42 memories. 

Simultaneous receive of both bands. Dual VFOs 
each band. PL encode/decode. Paging feature. 

DTMF autodialer(K) memories, 15 digits 
each). Auto repeater shift. Scanning features. 

Auto power off. Battery saver. Extended re 
ceive. Audible command verification. Keypad 
and rotary dial frequency entry. Battery 
packs available from 2.3 to 5 watts. More. 

FT 111 SERIES. MAXIMUM 
SINGLEBAND PERFORMANCE. 

2 meter FT 411 and 440 MHz FT 811 
memories. Dual VFOs. PL encode/decode. 

DTMF autodialer (10 memories, 15 digits each). Auto 
repeater shift. Scanning features. Auto power-off. Battery 
saver. Extended receive. Audible command verification. Key 
pad and rotary dial frequency entry. Many battery packs 
available, from 2.3 to 5 watts. More. 

FT-23R SERIES. SMALL, SMART, RUGGED. 

2-meter FT 23R, 220 MHz FT 33R, and 440 MHz 
FT73R. 10 memories (7 store odd splits). Memory scan at 2 
frequencies per second. High/low power switch. LCD power 
output and “S” meter display. Many PL features. Auto 
battery saver. Aluminum alloy case. Water resistant seals. 
Many battery packs available, from 2 to 5 watts. More. 
Want more information? Call (800) 999-2070 
toll free. Or ask your dealer about Yaesu’s FT 470, 

FT 411 and FT23R Series handhelds.The power 
in handheld performance. 


Prices and specifications 


to change without notice PI. is a registered trademark of Motorola. Inc Speeifi 


YAESU USA 17210 Edwards Road, Cerritos, 
CA 00701 (213) 404 2700. REPAIR SERVICE: 
(213) 404 4884. PARTS: (213) 404 4847 


cations guaranteed only w ithin amateur hands 
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TS-440S 


DX-citing!” 


Compact high performance HF transceiver 
with general coverage receiver 


Kenwood's advanced digital know-how 
brings Amateurs world-wide “big-rig" 
performance in a compact package. We 
call it “Digital DX-citement"-that special 
feeling you get every time you turn the 
power on! 

• Covers All Amateur bands 
General coverage receiver tunes trom 
100 kHz 30 MHz Easily modified lor 
HF MARS operation 

• Direct keyboard entry of frequency 

• All modes built-in 

USB. LSB. CW. AM. FM. and AFSK Mode 
selection is verified in Morse Code 

• VS-1 voice synthesizer (optional) 


• Superior receiver dynamic range 
Kenwood DynaMix " high sensitivity direct 
mixing system ensures true 102 dB receiver 
dynamtc range. (500 Hz bandwidthon 20m) 

• 100% duty cycle transmitter 

Super etlicient cooling permits continuous 
key-down tor periods exceeding one hour 
RF input power is rated at 200 W PEP on 
SSB. 200 W DC on CW. AFSK. FM. and 110 
W DC AM (I he PS 50 power supply is 
needed lor continuous duty) 

• Built-in automatic antenna tuner 
(optional) Covers 80-10 meters. 

• 5 IF filter functions 

• VOX. full or semi break-in CW 


• Dual SSB IF filtering 

A built in SSB litter is standard When an 
optional SSB (liter <YK 88S or YK 88SN) is 
installed, dual littering is provided 

• AMTOR compatible 

• Adjustable dial torque 

• 100 memory channels 
Frequency and mode may be stored in 
10 groups ol 10 channels each. Split tre 
quencies may be stored in 10 channels 
tor repeater operation. 

• TU-8 CTCSS unit (optional) 

• Superb interference reduction 

IF shift, tuneable notch lilter. norse blanker, 
all-mode squelch, RF attenuator, RIT/XIT, 
and optional filters tight QRM 

• MC-43S UP/DOWN mic. included 

• Computer Interface port 



SOL-®- NOTCH 


TIUNSCCIVEII 


FUNCTION 


RIT/XIT-®- IF SHIFT AF-g-RF 


I MM2 F LOCK FROC NOTCH ffjjy _ SFLECTIVITy 



Kenwood 
takes you from 
HF to OSCAR! 


Optional accessories: 

• A1 440 internal auto antenna tuner (80 m 10 ml 

• AT 250 external auto tuner (160 10 m) 

• AT 130 compact mobile antenna tuner (160 m 


88SN 2 4 kH//18 kHz SSB litters • MC 60A/80/B5 
desk microphones • MC 55 (8Pl mobile micro 
phone • MS-4/5/6/7 headphones • SP 41/50/50 


KENWOOD 


10 m) • IF-232C/IC 10 level translator and modem 
1C kit • PS 50 heavy duty (rower supply • PS 430/ 
PS 3D DC power supply • SP 430 exleirral 
speaker • MB 430 mobile mounting bracket 
• YK 88C/88CN 500 Hz/270 Hz CW tillers • YK 88S 


mobile speakers • MA 5/VP 1 HF 5 band mobile 
helical antenna and bumper mount • TL 922A 
2 kw PEP linear amplifier • SM 220 station monitor 
(no pan display) • VS-1 voice synthesizei 
• TU B CTCSS tone unit • PG 2C extra DC cable 


KENWOOD U S A CORPORATION 
COMMUNICATIONS & TEST EQUIPMENT GROUP 
PO BOX 22745.2201 E Dominguez Street 
Long Beach.CA 90801-5745 
KENWOOD ELECTRONICS CANADA INC 
PO BOX 1075.959 Gana Court 
Mississauga. Ontario. Canada L4T 4C2 


Complete servu'e manuals are available lor all Ketwoixl transceivers and most accessories 
Specifications and prices are sub/ect to change without nonce or obligation 










